


Appendix C3. Water Quality Experiments on Potential
Sources of Dissolved Organics and
Trihalomethane Precursors for the Delta
Wetlands Pro ect        _

SUMMARY

This appendix describes four water quality experiments conducted as part of the analysis of impacts of the Delta
Wetlands (DW) project on Delta water quality. The Holland Tract flooded wetland and seasonal storage experiments were
designed to determine what water quality changes can be expected in the flooded wetland habitat on the DW project
island~ during October-January and what further changes can be expected during the anticipated water storage period
of February4uly. The vegetation decay experiment was designed to determine what the expected contribution from
decomposition of wetland vegetation would be to levels of dissolved organic carbon (DOC) and associated variables in
ponded water in the seasonal wetland. The soil water extraction experiment was designed to determine what relative
contributions of DOC and associated variables may be expected from agricultural and wetland soils; it was also used to
test the hypothesis that peat soils may leach large quantities of materials to ponded water.

The original DW project concept included wetland vegetation growth in summer, waterfowl habitat flooding in fall,
and winter-spring seasonal water storage operations on all four DW project islands. The DW project now being proposed
involves two habitat islands and two reservoir islands, as described in Chapter 2, "Delta Wetlands Project and
Alternatives". These water quality experiments are interpreted to provide information about likely effects of the DW
project as currently conceived.

Analysis of the experimental results focused on DOC concentrations because DOC is recognized as the major
precursor of trihalomethanes (THMs) in water disinfected through chlorination for municipal use, and contributions of
DOC in discharge from the DW project islands to Delta channels may therefore affect THM levels in Delta exports that
are treated by chlorination. The appendix also describes a method to estimate THM concentrations for any combinations
of DOC, bromide (Br’), and chlorination dose.

The data from the Holland Tract wetland experiments suggest that substantial leaching of peat soil is not like~v to
occur under flooded wetland conditions and that moderate DOC increases would be associated with vegetation
decomposition. Most of the available loading of DOC and other water quality variables would be released to the water
in the flooded wetlands during October-January, and very little additional release of materials would occur during the
Februarfl4u~ water $torage perioa[ The estimated areal loading from flooded wetlands was apprpximately 21 g/ms per
year.

The results of the vegetation decay experiment were used to calculate the areal leaching of DOC from wetland
vegetation~ Areal loading.from vegetation was found to be approximately 7.5 g/ms per year. This result can be used to
compare DOC loading from decaying wetland vegetation with loading fram other DOt? sources in the Delta.

In the soil water extraction experiment, soil water was extracted for analysis from surface and deeper samples of soil
from the Holland Tract wetland and adjacent agricultural fields. Analysis of the samples found that availability of DOC
was two to three times greater in surface agricuharal soils than in the wetland soils or deeper agricultural soils. The peat
soils were not found to exhibit substantial leaching of DOC over time.
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Although these experiments indicate that concentrations of DOC are greater in agricultural soils than in wetland
soils, these differences are on(v important if the DOC concentrations are leached and transported to Delta channels.
These experiments did not quantify the volumes of water affected by leaching, agricultural drainage, or runoff because
such water volume data are not available; therefore, the experiments can only be used to provide a relative index of the
potential for these soils to contribute to DOC concentrations in drainage or ponded water.

INTRODUCTION charged into Delta channels from the islands and could
therefore affect concentrations of THMs in treated water
produced from Delta exports.

Delta waters serve many beneficial nscs, each of
which has water quality concerns associated with it. Jones& Stokes Associates (JSA)conducted the four
Levels of disinfection byproducts (DBP) are of particular water quality experiments described below as part of its
concern in water that has been exported from the Delta analysis of impacts of the DW project on Delta water
and treated for municipal use. The most common DBP is quality. The analysis was performed to support prepar-
THM compounds, which are produced in the primary ation of the environmental impact report/environmental
disinfection of water by chlorination. THM are con- impact statement (EIR/EIS) for the DW project. The four.
sidered a human health risk by the U.S. Environmental experiments and the question each was designed to
Protection Agency (EPA) and are subject to federal answer are as follows:
drinking water standards. Among the constituents of raw
water fromthe Delta are DOC and Br’, both of which 1. Holland Tract flooded wetland experiment
might be increased in Delta water under some conditions (1989-1990): What water quality changes can
as a result of DW project operations. DOC is the major be expected in flooded wetland habitat on DW
precursor of TH!vls in treated drinking water, project islands during October-January?

The proposed DW project entails potential year- 2. Holland Tract seasonal storage experiment
round storage of water on two Delta islands, Bacon Island (1990): What further water quality changes can
and Webb Tract, and creation and management of wet- be expected during the proposed water storage
lands for wildlife habitat on two other islands, Bouldin period of February-July?
Island and Holland Tract. Under the proposed project,
the water diverted by DW onto the reservoir islands 3. Vegetation decay experiment (1992): What is
would be stored for later sale as export or outflow during the expected contribution from decomposition
periods of demand. Water may also be diverted to the of wetland vegetation to levels of DOC and
reservoir islands for creation of wetland habitat in fall associated variables in ponded water in the
during nonstorage periods; diversion would probably seasonal wetland?
begin after September 1, after an appropriate dry period
to allow for growth of wetland plants of value to winter- 4. Soil water extraction experiment (1992): What
ing waterfowl as forage and cover. DW diversions onto are the expected relative contributions of Doe
the habitat islands would most likely begin in September, and associated water quality variables l~om
and water would be circulated throughout winter. Water soils in active agricultural fields and in the
used on the habitat islands would be discharged on a demonstration wetland on Holland Tract?
schedule related to wetland and wildlife values, with
drawdown typically occurring by May. Water discharged
into Delta channels under DW project operations would Holland Tract Flooded Wetland and
mix with Delta inflows and would be available for Delta Seasonal Storage Experiments,
outflow or Delta exports. 1989-1990

In comparison with existing agricultural manage-
ment practices on the DW project islands, these storage The first and second experiments were conducted in
and wetland management activities may substantially the Holland Tract demonstration wetland between
reduce the amount of annual biomass residue production October 1989 and July 1990. These experiments were
and the rate of peat soil oxidation on the islands. Because designed to determine the changes in water quality likely
vegetation decomposition and soil oxidation are the main to occur when seasonal wetlands are flooded to shallow
sources of Doe on the DW project islands, DW project depths to provide waterfowl habitat and when water is
operations could affect concentrations of DOC dis- stored to greater depths on the proposed DW project
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islands. Although many water quality variables were DWR (February 21, 1992) provided written comments.
rneamm~ in these experiments, DOC is now known to be Several meetings with interested agency staff members
the major precursor of THMs. Therefore, DOC and were held during this period. The vegetation experiment
associated variables, such as TI-IM formation potential was designed to determine the contribution of wetland
(THMFP), ultraviolet absorption (UVA), and organic vegetation to DOC concentrations in ponded water (on
nulrients, are emphasized in discussions of these experi- habitat reservoir islands). The soil experiment was
merits in this appendix, designed to evaluate the relative contribution of wetland

and agricultural peat soils to DOC leaching.
The demonstration wetland on Holland Tract was

originally constructed to show that plants used by water- JSA distributed a drat~ report on the experimental
fowl could be grown on DW project islands during the results for review on May 28, 1992, and held a meeting
late summer-fall period after August 1. The initial DW to discuss the results on June 3, 1992. DWR and MWD
project design would have involved seasonal storage provided written comments on the draft report. The final
and seasonal wetland habitat management on each DW report on the experiments and analyses of the results
island. The current DW project design includes two (JSA 1993) incorporated the suggestions and comments
habitat islands and two reservoir islands. These experi- of the reviewers and included copies of memoranda and
merits were conducted with the objective of identifying comment letters submitted by the technical reviewers.
and quantifying the likely sources of DOC, and the results This appendix summarizes these results.
remain relevant to assessment of water quality impacts of
the proposed DW project..

OVERVIEW OF SOIL ORGANIC
Results of the 1989-1990 Holland Tract experiments CARBON SOURCES

were originally presented in the draft E1R/EIS on the DW
project (JSA 1990). This appendix summarizes those
results. DOC measurements were important in the experi-

ments performed to determine possible effects of DW
projeet operation on Delta water quality because DOC is

Vegetation Decay and Soil Water the major precursor of THMs and other types of DBP in
Extraction Experiments, 1992 treated drinking water. This section pi’ovides an over-

view of sources of organic carbon in Delta soils and the
possible mechanisms through which organic material is

The vegetation decay and soil water extraction dissolved and transported from Delta soils to Delta
experiments, initially suggested in October 1991, were channels. This discussion provides a framework for
conducted to verify previous estimates of organic load- interpreting the results of the experiments presented
ings from the DW project demonstration wetland on below.
Holland Tract. Critical water-year conditions in 1992
prevented repetition of the demonstration wetland flood- Organic material in both peat and mineral Delta soils
ing experiment. JSA initiated the vegetation decay originates from the decay of vegetation. The peat soils
experiment on February 12, 1992, and obtained the last that characterize the Delta lowlands originated from the
set of biweekly samples on April 29, 1992. JSA obtained accumulation of partially decomposed residue of wetland
soil samples for the soil water extraction experiment on marsh plants. The organic material.in mineral soils that
February 27, 1992, and the 1-month soil water extraction characterize the Delta uplands is partially decomposed
was completed in April 1992. residue of agricultural crops or natural vegetation. The

difference between peat and mineral soils is the amount
JSA designed the 1992 experiments with sugges- of organic material present, not the fundamental nature of

lions from statfmembers of the California Department of the organic material. Mineral soils generally have an
Water Resources (DWR), Division of Local Assistance organic content of 1-20%, whereas peat soils have an
(Rick Woodard, Bruce Agee, consultant Marvin Jung), organic content of 25-95% (Buekman and Brady 1960).
the Metropolitan Water District (MWD) of Southern
California (Stuart Krasner, research chemist), the U.S.
G-eologieal Survey (USGS) (Steve Deverel), the Cali- Carbon Cycle
fornia State Water Resources Control Board, and DW
(consultant Jim Yost). JSA distributed a memorandum
describing the experimental protocol for review on Figure C3-1 shows the general carbon cycle for
January 27, 1992, and MWD (February 4, 1992) and agricultural soils in the Delta. During net primary pro-
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duct/on of organic material, atmospheric C02 and neces- Plant Decomposition
sary nutrients and minerals are incorporated from the soil
into growing plant tissue. Plant respiration in shoots and
roots consumes oxygen and releases CO2. Net primary The amount of net primary productivity of organic
production cam be measured by the accumulation of plant material in Delta soils can be characterized by corn crop
biomass. Dry plant tissue has a carbon content of appro- measurements made for the Delta corn salt-tolerance
ximately 40%; therefore, biomass and carbon units can studies (Hoffman et al. 1983), corn crop measurements
be interchanged quite easily (e.g., 1 gram per square made for the 1990 DW project EIR/EIS, and measure-
meter [g/m~] ofbiomass contains 0.4 g/m 2of carbon), ments of seasonal wetland plants in the Holland Tract
This carbon content percentage was used in several of the demonstration wetland.
experimental calculations described in the following
sections. Measurements indicated that corn grown on

Terminous Tract in the Delta had a root biomass of about
All decomposition processes in soils can be de- 250 g/m~, grain biornass averaging about 1,250 g/m2, and

scribed as enzymic digestion of plant residues and soil shoot growth biornass averaging about 2,500-3,000 g/m~
organic matter (Buekman and Brady 1960). Microbial (I-Ioffman et al. 1983). Aboveground corn crop residue
decomposition processes in the warm, aerated topsoil on Bouldin Island was calculated from measurements of
differ greatly from those in deeper, saturated anaerobic stalks and stalk density estimates to be about 1,750 g/m~
soil. Fresh plant residues at the surfaee or in deeper soil (Table C3-I). Corn grain had been harvested and
are .decomposed and digested by soil organisms of all removed from the fields on Bouldin Island. Adding the
kinds to produce decay products at the soil surface or in Terminoua Tract corn root biomass to the aboveground
the soilcolunm, residue on Bouldin Island produces an estimated

2,000 g/m2 of annual biomass residue added to Delta soil
The complex chemical nature of plant tissues gives from a corn crop.

rise to a wide variety of decomposition products. Some
plant tissue is easily decomposed and produces relatively The plant biomass from seasonal wetlands was
simple end products, such as carbon dioxide (CO~) and measured in the Holland Tract demonstration wetland
nutrients (e.g., nitrogen, phosphorus, and potassium), for 1989 and 1991. The 1989 measurements are sum-
Most of the CO~ is lost to the atmosphere, but some marized in Table C3-1. The average aboveground
becomes dissolved in the soil water and reacts to form biomass was 500 g/m~. The wetland roots probably
carbonates and bicarbonates. Other plant tissue is more contribute a relatively small additional biomass, certainly
difficult to decompose (refractory), and its decomposition less than the corn root biomass of 250 g/m~. The maxi-
results in intermediate products, such as lignins and mum possible seasonal wetland biomass is therefore
humus material. These intermediate decomposition approximately 750 g/m2.
products remain in the soil or become dissolved in the
soil water as compounds collectively measured as DOC. Most plant residue from corn or wetland plants is
Soil microbes (bacteria, fungi, and aetinomycetes) con- decomposed rapidly (within several months) to yield
sume the available nutrients and minerals, and create atmospheric CO: and soluble nutrients. The longer
additional eompotmds and end products, such as methane lasting (more slowly decomposing) portion of the bio-
and nitrogen gas. mass can be roughly approximated by the li~in content

of the vegetation because lignin is the most refractory
The general carbon cycle shown in Figure C3-1 portion of plant tissue (Buekman and Brady 1960). Corn

becomes useful for impact assessment if the factors plants had a lignin content of about 7% and wetland
influencing each major term can be identified and plants had a lignin content of about 6% (Table C3-1).
quantified. Each of the DW water quality experiments The mass of lignin added to the soil from plant residue
was generally aimed at quantifying these terms. The can be estimated fi-om the total biomass to be about 140
following sections present general discussions of the g/m2 (2,000 g/m2x0.07) for corn and about 45 g/m~ (750
possible contributions of plant decomposition and soil x 0.06) for wetland plants. These measurements do not
oxidation on the DW project islands to concentrations of indicate the amount of lignin material that may become
DOC in Delta waters, dissolved in the soil water, but they provide a comparison

between the possible amounts of DOC from the two
sources.
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If fresh plant residue were the only major source of evidence that microbial processes control subsidence
organic material that might become dissolved in the soil rates (Stephens and Stewart 1976).
water and if the yield of DOC from lignin were always the
same, these lignin measurements could indicate that the Research has demonstrated that flooding peat soils
relative DOC contribution from corn plants would be creates anaerobic conditions that reduce the overall rate
approximately three times the contribution of DOC from ofmicrobial activity and shif~ the microbial processes to
wetland #ants. The yield of DOC from organic material facultative and anaerobic metabolism. Denitrification of
may vary, however, if conditions in the soil that control nitrate to nitrogen gases (N2 and N20) increases drama-
decomposition are different. Furthermore, oxidation and tically under flooded conditions (Tate 1979, Terry & Tate
decomposition of the peat soil itself may create a 1980). A combination of biochemical indicators may
significant source of DOC. An accurate assessment of provide the clearest picture of peat soil decomposition
DOC formation potential must attempt to quantify these processes.
factors.

Studies by USGS may verify that microbial oxidation
Peat Soil Decomposition is the predominant process contributing to peat subsi-

dence on Delta islands and that physical processes, such
as drying, wind erosion, and fire, are of less importance

One of the distinctive characteristics of the Delta (Deverel et al. in press).
peat soils is that they have been slowly subsiding at
estimated maximum rates of 2-3 inches per year as a
result of oxidation and wind erosion of the powdery Dissolved Organic Carbon in Soil Water
"muck" soils (SCS 1989). Drying, shrinking, and andAgriculturalDrainage
periodic burning of the peat soils may also play a role in
subsidence of the Delta agricultural islands. Several
studies have demonstrated that microbial oxidation is The most direct method for determining the mag-
probably the major contributor to peat soil subsidence, nitude of DOC contributions from Delta soils is measur-
Thus, the observed subsidence of Delta peat soils may ing DOC and associated nutrients in soil water and
provide evidence that oxidation of these soils is an agricultural drainage water. For the mass of contributed
ongoing process; this oxidation could be contributing DOC to be calculated, however, the volume of soil water
DOC to agricultural drainage and runoff that mix with leaching or draining must be estimated. The experiments
Delta channel waters. Direct evidence of peat soil described in the following sections determined relative
oxidation would consist of a greater measured loss of CO2 contributions of DOC and- associated water quality
from the soil surface than could be accounted for by the variables fi’om agricultural and wetland vegetation and
decomposition of fresh vegetation residue (Broadbent soils; the results cannot be used to determine the
1960, DWR 1980, Newmarch 198 I). magnitude of contributions from the DW project island

soils to Delta waters because volumes of soil water
Indirect evidence that the major contributor to peat leaching and drainage are not known. Standard irrigation

soil subsidence is microbial oxidation is suggested by practice in the peat soils of the Delta includes "spud
studies showing that copper toxicity inhibits the soil ditching" to subirrigate and drain fields. This could
microbial activity and reduces subsidence (Mather et al. increase the contribution of DOC relative to the con-
1979). Because copper is sometimes required as a tribution from wetlands and reservoir operations..
fertilizer, the possibility that copper may also control
subsidence is of interest for Delta agricultural manage- The DWR Municipal Water Quality Investigations
ment. (MWQI) program has sampled Delta agricultural drain-

age for several years (DWR 1989, 1990). Agricultural
Other indirect evidence that microbial oxidation is drainage volumes have not yet been measured directly, so

the major contributor to peat soil subsidence is suggested the absolute magnitude of DOC sources produced by the
by correlations between the depth to water table and various drains cannot be calculated. The relative mag-
oxidation rate in experiments at the Florida Everglades. nitude of measured DOC concentrations can be used to
Saturated conditions reduce the rate of oxidation of peat indicate those drains that are probably the major sources
soils. The Everglades research results suggest that 50%- of DOC in the Delta ff it is assumed that the drainage
75% ofthe subsidence (average of 1:25 inches/year) has volumes per acre arc similar for each Delta drain
been caused by biochemical oxidation. Seasonal or (Table C2-1 in Appendix C2, "Analysis of Delta Agri- ¯
global correlations with temperature also offer indirect cultural Drainage Water Quality Data", suggests that they
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ar~ not uniform). Information on the drainage acreages HOLLAND TRACT WETLAND
might allow the drainage volumes to be estimated. EXPERIMENTS

THMFP is measured in the MWQI samples as an
index of TFIM concentrations that could be produced by The fn-st two water quality experiments were con-
maximum chlorination of Delta water. Several types of ducted at the demonstration wetland on Holland Tract.
laboratory ~sts have been developed to measure THMFP The.Holland Tract demonstration wetland has an approx-
in water samples, imatcly 62-acre surface area with a total storage capacity

of about 164 acre-feet (a_t’) and a mean depth of 2.65 feet
The DWR MWQI assay for THMs is performed by (0.8 m) (Figure C3-2). Construction of the pond levees

spiking a watcr sample with an initial 120-mg/1 concen- and water control structure began on December 1, 1987,
tration of chlorine (CI~), holding the sample for 7 days and was completed by January 22, 1988. The low dikes
(168 hours) at 25°C, then measuring the THM species of the demonstration wetland were constructed from
with standard EPA analytical laboratory procedures (gas material scraped from an agricultural field that consisted
chromatograph purge and trap, EPA method 502.2). ofamosaic of sand and peat soils. The water supply for
This method was recently revised to also control the pH the demonstration wetland was Old River.
of the sample. The 120 mg/l chlorine dose may not be
great enough to produce the maximum THMFP concen-
tration in samples with high DOC concentrations (greater Flooded Wetland Experiment
than 30 mg/l). The gas chromatograph method deter-
mines conccnWatiens of the four types of THM molecules
separately. Each THM molecule resembles methane The fn-st water quality experiment was conducted
(CH4), except that three of the four hydrogen atoms are between October 1989 and January 1990. The objective
replaced with a halogen (chlorine or bromine). The four of this study was to evaluate the contribution of wetland
types of THM molecules are chloroform (CHCI3), dichlo- vegetation decomposition and soil leaching to conccntra-
robromomethane (CHCI2Br), dibromochloromethane tions of THM precursors in flooded wetland water. DOC
(CHCIBr~), and bromoform (CHBr3). Each type of THIM and associated variables are of primary concern in inter-
molecule has a different molecular weight because of the pretation of these results because DOC has been deter-
difference between the atomic weight of chlorine (35.45 ) mined to be the major precursor of TI-IM. Measurements
and bromine (79.90). Chloroform has a molecular of organic carbon were not filtered in this experiment and
weight of 119.36, whereas bromoform has a molecular are given as concentrations of total organic carbon
weight of 252.71. (TOC). However, the organic carbon is assumed to be

predominantly dissolved; therefore, TOC is assumed to
Total TH1V[ concentration (by we.ight) is the basis for be equivalent to DOC.

current EPA drinking water standards. The greater
weight of total TI-IMs resulting from increased bro-
mine incorporation, howevcr, complicates comparison Methods
of THlVl precursors from two water samples with differ-
ent bromide (Br’) concentrations. One method to nor- Approximately 25 acres of the demonstration wet-
malize THM concentrations is to measure only the carbon land’s 62 acres were flooded beginning on October 19,
weight of each THNI molecule, because each molecule 1989, to an average depth of about 0.5 m (1.5 feet) (see
has one carbon atom. The carbon-fraction concentrations Figure C3-2). No additional siphoning of water into the
of the four THM molecule concentrations are added wetland was required after initial flooding to maintain
together to calculate the carbon content of the TI-]M con- wetland water depths. Evapotranspiration and rainfall
centration (C-THIVI), called the "total formation potential (with runoff from the unflcoded portion of the wetlands)
carbon" (TFPC) in the DWR MWQI program. Dividing were balanced during the sampling period so that the
the C-THM concentration by the DOC concentration in water depth remained nearly constant. A composite
a water sample gives the fraction of DOC molecules that ~ample (several samples mixed together) of the water
were converted to THM molecules during the THMFP siphoned from Old River to flood the wetland was used
assay. This C-THM/DOC ratio is called the THM yield, to characterize the initial water quality.
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Composite water samples were coll~ted from 33 #g/l to a maximum of 420 gg/l (Figure C3-6). These
the flooded wedand approximately every week from materials originated either from vegetation decay in the
.November 3, 1989, to January 15, 1990. Samples were floodad wetland basin or as runoff from the surround-
collected in a pre-rinsed plastic sampling jug slowly ing area within the wetlands that were not flooded. The
lowered from the water surface down to the wetland observed increases may be higher than would be
bottom. Subsamples were collected at random through- �~pected ifa greater proportion of the wetland basin had
out the pond and composited to form one water sample been flooded. Increases of approximately 250 color
on each date. A total of 10 composite samples were units, 34 mg/l TOC, 50 mg/l sulfate, 20 mg/l calcium,
collected. Samples were labeled and transferred to ice 10 mgtl magnesium, and 300/zg/1C-THM were observed
chests for delivery to the contract laboratory. (Table C3-2).

Based on an estimated increase in TOC of 34 mg/l
Results during the flooded wetland condition and an average

pond depth of 0.5 meter, the estimated TOC loading
Meastaxanents ofthe composite sample used to char- is estimated to be about 17 g/m2 (34 g/m3 ¯ 0.Sin = 17

acterize initial water quality showed electrical conduc- g/m2). If the 34-mg/l increase in TOC was contributed
tivity (EC)of677 microsiemens per centimeter (!~S/crn), from the entire 62-acre wetland area, the estimated TOC
556 milligrams per liter (mg/l) total dissolved solids loading would be about 7 g/m~ (17 g/m~ x 25162).
(TDS), 177 mg/l chloride (CI’) (CI"/EC = 0.26), 0.55
mg/1 bromide (Br) (Br’/CI" = 0.0031), 18 mgl calcium Conclusions based on this experiment are presented
(Ca2÷), 18 rag/1 magnesium (Mga+), 97 mg/l sodium following the description of the seasonal storage exper-
(Ha+), 30 mg/l sulfate (SO4~’), 4.3 mg/l TOC, and iment, under"ConclusiensoftheHolland Tract Wefland
THMFP of 404 micrograms per liter 0zg/l) (Table C3-2). Experiments".
Color was not measured but was assumed to be 20 units
based on MWQI Rock Slough measurements made on
October 2, 1989. These channel water values are Seasonal Storage Experiment
assumed to be representative of the initial concentrations
of water quality variables in the flooded wetlands, which
were flooded on October 19, 1989. The se~xmd experiment was conducted during April-

July 1990. The objective of this experiment was to
Changes in wetland water quality would have evaluate changes in water quality during the water

resulted mainly from peat soil leaching and decom- storage period. The initial concentrations provided an
positio~ of the wetland vegetation biomass and associated estimate of flooded wetland load from the entire pond
surface detritus. Rainfall on the entire pond area may because the wetland water was not drained between the
have produced runoff and carried organics into the two experiments. This experiment tested the magnitude
flooded area. Peat soil leaching would be expected to of potential leaching of the peat soils during extended
yield salt, minerals, nutrients, and organics. Vegetation water storage periods ’
residues would also be expected to produce dissolved
organics with associated minerals and nutrients.

Methods
Several of the dissolved inorganic variables showed

no net change over the duration of the experiment. EC The entire demonstration wetland on Holland Tract
and concentrations of TDS, sodium, chloride, and bro- was filled to a mean depth of approximately 0.8 m (2.5
mide showed no net increase (Figure C3-3). The data feet) during the week of April 16, 1990, to simulate
suggest that substantial leaching of the peat soil did not proposed DW storage operations. Composite water
occur because these inorganic variables typically increase samples were collected from the pond’s surface water and
during soil leaching in agricultural operations, separately from the bottom on six dates between

April 23, 1990, and July 25, 1990 (3-month period),
In contrast, calcium, magnesium, sulfate, color, according to procedures described previously for the

TOC, and THMFP increased in the demonstration wet- flooded wetland experiment. The surface and bottom
land water during the 2-month sampling period (Figures composite samples provided replicate measurements
C3-4, C3-5, and C3-6). TOC levels increased from 4.3 because stratification was not indicated.
mg/l to 38.6 rag/l, as shown in Figure C3-5. THMFP
concentrations increased dramatically; the THMFP con-
centration carbon component (C-THM) increased from
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Results fore, the overall TOC loading from the combined flooded
wetland and water storage periods was estimated to be ~

Flooded wetland water remaining from winter was about 21 g/m2 and the corresponding C-THM load about
mixed with Delta channel water to fill the wetland to 0.1 g/m2, most ofwhich occurred during the vegetation
capacity, resulting in initial pool concentrations of about de .cay period. These experiments indicate that the
940 ttS/m EC, 600 mg/l TDS, 80 mg/l alkalinity, majority ofloading was from vegetation decay; peat soil
150 mgil sodium, 230 rag/1 chloride (CI’/EC = 0.24), leaching was apparently a minor source of loading.
1 mg/1 bromide (Br’/CI" -- 0.0044), 30 rag/1 calcium,
25 mg/l magnesium, 43 mg/l sulfate, 250 color units, Measurements obtained from water temporarily
30 mg/l TOC, and 150 /zg/1 C-THM (Table C3-3). stored on Tyler Island (cornfields) for the DWR cmer-
MWQI measurements from Rock Slough on April 25 gency water bank in April and May 1991 provide another
were generally less than the initial pool concentrations example ofpossibleDOC loading for comparison. These
(Table C3-3). measurements indicate that DOC concentrations in water

stored for about 1 month increased by 50-60 mg/1. The
The initial mixed concentrations may provide more estimated mean depth of the stored water was about 0.6

accurate estimates of the areal load of TOC from the m (734 af/370 acres). Thus, estimated DOC loading was
flooded wetland because the entire demonstration wetland approximately 30-36 g/m2. This loading is assumed to
area was inundated after being filled to the full water have originated from rapid vegetation decay and dis-
storage capacity. With a pond depth of 0.8 m and an solving of surface organic residues, rather than prolonged
increase in TOC concentration of 26 mg/l (from the leaching from peat, because the waterwas stored for only
channel concentration of 4 mg/l to 30-mg/1 initial pool one month.
concentration), the TOC load was estimated at 21 g/m2

(26 mg/1 - 0.Sin = 20.8 g/m2). The C-THIvI load was These experiments directly answered questions 1
estimated to be 0.1 g/m2, based on a depth of 0.8 m and and 2 (What water quality changes can be expected in
a 120 .mgtl increase (from the channel concentration of 30 flooded wetland habitat on DW project islands during
/zg/l to the 150-/zg/l initial pool concentration). October-Janua3f?. What further water quality changes can

be expected during the proposed water storage period of
Additional siphoning of channel water was required February-JulyT). The results of these experiments indi- ~

to maintain the water storagd depth, but Delta water catc that most of the available loading of DOC and other
quality improved during the storage period of mid-April water quality variables from vegetation and surface soil
through July, and as a result, EC values and concentra- residues will be released to water in the flooded wetlands
tions of sodium, chloride, and bromide remained nearly during the initial flooding period. Very little, if any,
constant (Figure C3-7). The constant levels of inorganic additional release of materials will occur during the water
variables suggest that soil leaching with associated storage pcriod. This suggests that the surface vegetation
release of salts did not occur during the storage period, and soil oxidation residues are the predominant source of

DOC; peat soil leaching during water storage periods is
M~ts also indicated that color and concen- a smaller potential source of DOC.

tratiens of calcium, magnesium, and TOC remained fairly
constant during the storage period, suggesting that
relatively little additional organic material was released 1992 WATER QUALITY EXPERIMENTS
from vegetation decay or peat soil leaching processes
during the storage period (Figures C3-8 and C3-9).
Sulfate concenlrations declined by 50%. TH1VIFP values Vegetation Decay Experiment
also remained relatively constant, with a moderate
increase in the C-THM component from about 150/zg/l
to about 200/zg/1 (Figure C3-10). The 1992 vegetation decay experiment was designed

to quantify the possible contribution of decaying wetland
vegetation to dissolved organics and associated variables

Conclusions of the Holland Tract (especially UVA and THIv[FP) in ponded water in sea-
Wetland Experiments sonal wetlands. This experiment was intended to verify

the results from the 1990 experiments that indicated
vegetation to be a major source of DOC.

The seasonal water storage experiment results gener-
ally suggest that little additional increase in organic                                                         ~l&
concentrations occurred in the water storage pool. There-
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Methods should yield the same areal loading estimates, as
described below.

Vegetation biomass samples (1-square-foot clip-
pings) were collected on November 22, 1991, from the DWR commented in its June 23, 1992 letter that
&monsa’afien wetland on Holland Tract. The vegetationnatural vegetation would not be pulverized and might
was dominated by smartweed, watergrass, and swamptherefore decay more slowly; because of this, the expefi-
timothy, similar to the vegetation cover of previous years,merit could measure only the load (i.e., mass) of organic
Biomass from 38 samples averaged about 435 g/m2, andmaterial dissolved in barrel water, not the rate of loading
lignin content averaged 9.5% (determined by JL Aria-(i.e., mass per mat time). In this comment letter, DWR
lytical Services, Modesto, CA). Based on an assumedalso expressed concern that water quality was not
maximum carbon content in lignln of 50%, the carbonmeasured in all five barrels before vegetation was added,
source from lignin was estimated to be about 20 g/m2. to demens~rate that they had the same initial water quality

as the control barrel, which was sampled.
In comparison, plant material collected in 1989 at

the demensa’afien wetland averaged 500 g/ms dry weight The vegetation decay experiment was designed to
ofbiomass with 6% fignin content, for an estimated lignindetermine final differences in concentrations of dissolved
carbon source of 15 g/mz. The total corn shoot and grainorganics between ~atment barrels and the control barrel.
biomass measured from Terminous Island was 4,000-Initial water quality was assumed to be the same in all
4,500 g/m2, and the shoot biomass was approximatelybarrels because all barrel water originated from the same
2,500-3,000 g/mz (Hoffman et al. 1983). source. Changes in water quality between sampling dates

were only noted because they provided a means for deter-
For ~ vegetation decay experiment, JSA filled five mining when the concentrations of organic materials from

barrels with water obtained from Rock Slough on Januarythe added biomass had stabilized. Therefore, it was
23, 1992. The barrels were situated outdoors at the JSA concluded that measurements of initial water quality in all
office in Sacramento. Approximately 1 gallon of pondbarrels were unnecessary.
xcater from the Holland Tract demonstration wetland was
added to biologically inoculate each bah’el with micro- Water samples were collected at 2-week intervals
organisms, from the barrels on February 27, March 10, March 31,

April 14, and April 29, 1992. Primary samples were
Dried and pulverized wetland vegetation (as returnedanalyzed by Anlab Analytical Laboratory (Anlab) in

from 3L Analytical Services) from the Holland Tract Sacramento. Duplicate samples from the barrels were
demonstration wetland was added to four of the fivesent to Stuart Krasner at 1WCdD for analyses of several
barrels on February 12, 1992. The fifth barrel (control parameters of direct interest to MWD. Duplicate
barrel), with no vegetation bi_omass, served as a controlanalyses allowed comparison of those variables analyzed
for the experimental treatments. Each ban-el had aby both laboratories.
bottom area of 2 square feet, a mean depth of 2 feet
(0.6 m), and a volume of 4 cubic feet (30 gallons). This report uses only the THIvlYP values measured

by MWD. The THMF values determined by Cal-
Two replicate barrels (barrels #1 and #2; 1X Enseco Laboratory, under a subcontract to Anlab, were

barrels) received approximately the biomass densityunreliable and were rejected. TI-IMFP values estimated
measured in the wetland (500 g/m~) and therefore simu-by the MWD method, which used a reactivity-based
lated~ concentrations that would result from decay ofchlorine (CI+) dose (3 x DOC + 8 x NI-I3), must be
vegetation in an average water depth of 0.6 m. The otheradjusted (i.e., increased) to expected values for the
two replicate barrels (barrels #3 and #4; 2X barrels) standard 120 mg/l chlorine dose used by DWR, as
received twice the meama’ed biomass density (1,000described belowunder "Relationship between Dissolved
g/m:) and therefore simulated a pond of shallower depthOrganic Carbon, Bromide, Chlorination, and Trihalo.
(0.3 m), as illustrated in Figure C3-I 1. In comparison, methane’.
the flooded demonstration wetland on Holland Tract in
1989 had an estimated mean depth of 0.5 m. Temporary A large group of chemical parameters was measured
water storage on Tyler Island in 1991 (part of the DWR in each sample. According to the study protocol, the
emergency water bank) had a mean depth of 0.6 m.vegetation decay experiment was to be terminated after
Concentrations in the 2X barrels (two times the areal10 weeks ffthe organic loading calculated from sampled
load) were expected to be twice those in the IX barrelswater concentrations had stabilizecL Measurements of the
(one times the areal load). Both sets of concentrationstwo key organic variables (DOC and 254-nm UVA) had
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stabilized and the experiment was terminated following however, clumge the salt concentrations in the remaining
the April 29, 1992 sampling, water.

In its comment letter on the draft report, DWR Figures C3-12 and C3-13 show the chloride and
expressed concern that water quality concentrations had bromide concentrations measured on the five sample
not stabilized because the ratio of LIVA to DOC was still dates in samples from the five barrels by Axdab and
increasing. However, concentrations of DOC and UVA MWD. Ignoring the Anlab data from March 10, 1992,
had remained approximately the same since the first chloride varied from approximately 130 mg/l to 200 mg/l
samples were collected on February 27, 1992, 2 weeks dining the experiment, with the variation on each sample
after.the vegetation was added. DOC and UVA values date usually less than 20 mg/l. Agreement between the
were both slightly higher in the fifth set of samples Anlab and MWD data was best on the last sample date,
collected on April 29, 1992. Some portion of this with an average value of 180 mg/1 (range of 170-190
increase was caused, however, by evaporation and a rag/l). In the MWD data, chloride values increased by
decreasing water volume in the barrels, as shown by the approximately 20% from 150 mg/l on February 27 to 180
increased chloride and bromide measurements (see mg/l on April 29, 1992, showing a moderate effect of
discussion of results below), evaporation.

Bromide concentrations ranged from 0.4 to 0.75
Results mg/l (Figure C3-13). Average bromide concentrations

appear to have increased from about 0.60 to 0.70 mg/l
Results of the chemical analyses by Anlab and MWD because of evaporative effects (using MWD data). The

are shown in Table C3-4 through C3-6. Table C3-4 average ratio of bromide to chloride OVIWD data) was
contains the results for the control barrel, Table C3-5 approximately 0.0030, slightly lower than the ratio for
provides the results for the 1X barrels, and Table C3-6 ocean water of 0.0035.
shows the results for the 2X barrels.

Other anions and cations were measured by Anlab
In their comment letters on the draft report, lvlWD only, measurements are shown in Tables C3-4, C3-5, and

and DWR noted the high variability in many of the Anlab C3-6. Sodium values were quite similar for all five
measurements. Although Anlab followed and reported barrels on each sample date, ranging from about 80 mg/1
standard quality assurance/quality control procedures, to 110 rng/l during the course of the experiment. Sulfate
variability was substantial. The fact that these were values were more variable between barrels, with final
outdoor experiments is not sufficient to explain the vari- concentrations between 30 mg/l and 40 mg/1. Sulfate
ations. MWD suggested that relatively simple anion- concentrations may have actually decreased during the
cation and EC checks might have alerted Anlab to experiment. IVIWD commented that a sulfate decrease
measurement problems; Anlab did not use anion-cation might have been the result of anaerobic processes that
balance as a quality assurance/quality control measure, reduce sulfate and release hydrogen sulfide gas to the

atmosphere.
Comparison of variables presented in Tables C3-4

through C3-6 can be used to determine the most likely Calcium and magnesium measurements were
interpretation of the measurements. In the case of relatively uniform between sample dates. Calcium varied
parameters not showing excessive variability (20% of between 20 mgh and 30 mg/l, and magnesium varied
mean), differences observed between the treatment and between 20 mg/l and 25 mg/l. The control concentrations
control barrel samples can provide evidence of effects of of these cations, about 20 rag/l, were large compared with
vegetation decay. Some variables cannot be used to the possible increases resulting from vegetation decay.
differentiate effects because the variability between mea- The final set of analyses indicated that calcium concen-
surements was too great. Similar results for related trations were 30 mg/l in the 2X ban’els, compared with
parameters increase confidence in the bulk of the data and 20 mg/l in the control barrel. Magnesium concentrations
support reliable conclusions, were 25 mg/1 in the 2X barrels, compared with 18 mg/l

in the control barrel.
Salts. Because all barrels were filled with the same

water in January, salt concentrations in each barrel were In its comment letter on the draft report, MWD
expected to be similar and to remain relatively constant suggested that calcium and magnesium concentrations
throughout the experiment. Sampling decreased the might have been influenced by precipitation and disso-
remaining water volumes but would not change salt con- lution processes caused by changing pH values. Because
centralions in the barrels. Evaporation and rainfall could, vegetation is known to contain moderate concentrations
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of calcium (0.2-3.5%) and magnesium (0.1-1.0%), the biomass. The potassium difference was 22 rag/1
release from is also 1.25% of the biomass. Thesimple vegetative decay a possible C3-15),representing

explanation. The increased potassium concentrations nitrogen difference was about 25 rag/l, representing 1.5%
discussed in the next section appear to confirm that the of the biomass. The phosphorus difference was approxi-
vegetation decay and release mechanism was the likely mately 2 rag/l, representing 0.12% of the biomass. Each
~so~’ce of the calcium and magnesium increases, of these values is comparable with vegetation composi-

tion percentages for these elements cited in agricultural
Figure C3-14 shows the measurements of EC in the textbooks (see Table C3-7). These differences between

five barrels. These mvasuremcnts suggest that vegetation the 2X barrel and control barrel mineral and nutrient
may have released enough salts or nutrients to slightly ¢on~mlratiom therefore confn-m that the observed water
increase EC values relative to the control barrel EC. On quality changes were the result of vegetation biomass
April 29, 1992, conductivity ranged from 800/aS/era in dccomtmsition. The 1X barrels showed similar changes.
the control bah’el to 1,000/~S/cm in the 2X barrels.

Organics. Observed DOC concentrations were
Nutrients. Potassium concentrations showed the comparable in the two barrels at each biomass loading

most dramatic increase as a result of vegetation decay level (Figure C3-16), and most of the increase in con-
because the potassium concentration of 5 rag/1 in the cenlration occurred within the fwst month. DOC concen-
control barrel was low relative to the measured increases tration in Rock Slough water (control) was approximately
from vegetation decay (Figure C3-15). By the final 5 mlgl; the DOC concentration in the 1X barrels
sampling date of April 29, 1992, potassium concentra- increased to about 15 mg/l by February 27, 1992, and
tions had increased to 17 rag/1 in the 1X barrels (repre- remained at that level until April 29, 1992. DOC
senting a 12-mg/l increase) and had increased to 27 mg/l concentration in the 2X barrels increased to about 30
in the 2X barrels (a 22-mg/l increase). Potassium may be mg/l (according to the MWD data).
a useful indicator for determining vegetation effects on
water quality in the Delta because vegetation has a high Based on the estimation of biomass content pre-
potassium content (between 0.5% and 5.0%). sented in the previous section, it might be expected that

carbon, assumed to compose about 40% of the total
Substantial increases in organic nitrogen and total biomsss, would produce an increased DOC concentration

phosphorus were also observed. By the final sampling in the 2X barrels of approximately 40 x 16.67 mg/l = 667
date, concenWatiens oforgnni¢ nitrogen had increased by mg/l. However, not all carbon is converted to DOC:
20 rag/1 in all barrels with vegetation added, and pbos- only about 25 mg/l (4%) of the possible increase in
phorus concentrations had increased by almost 2 mg/l, carbon was measured in the 2X barrels because some of
representing a typical nitrogen-to-phosphorus ratio of the carbon remained in the vegetation detritus and most
10:1 for vegetation. These high-nutrient concentrations of the carbon was released as CO2 during the decay
could contribute to algal productivity and subsequent processes. About 3% of the possible increase in DOC
food chainprocesses, was observed in the 1X barrels (9 rag/1 of DOC

compared with 333 mg/] ofbiomass - C).
An elemental analysis of the wetland vegetation was

not obtained but elemental content may be calculated to DOC analyses by MWD were generally quite simi-
confirm the apparent nutrient release concentrations. The lar to Anlab values, except for the 2X barrels (Figure
content of potassium, calcium, and manganese in the C3-16). On the fwst sampling date, the MWD DOC
wetland vegetation can be indirectly estimated in the measurements showed more than twice the increase in
following way. Because the 2X barrels had’a biomass DOC for the 2X barrels than the Anlab measurements
loading of 1,000 g/m2 and a me, an depth of 0.6 m, the showed. In DOC procedures at both laboratories,
concentration of total biomass, ff completely dissolved, samples are diluted so that a DOC concentration of less
wonld be 1,000/0.6= 1,667 ghn3, which is equal to 1,667 than 10 mg/l is measured, and measurements are then
rag/1. Therefore, 16.67 mg/l of any substance in the 2X multiplied by the dilution factor to estimate the
barrels would represent 1% of the total biomass; concentration in the sample. The scatter between the
similarly, 8.3 mg/l of any substance in the 1X barrels laboratories in data on the DOC concentrations from the
would represent 1% of the total biomass. 2X barrels is quite unfortunate because these are

important measurements from the vegetation decay
The final magnesium difference between the 2X experiment. Fortunately, other measurements, described

barrels and the control barrel was about 8 rag,/1, repre- below, can be used to confirm the general results of the
senting 0.5% of the total biomass. The final calcium exper~aent.
difference was about 12 rag/l, representing 0.7% of
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Ultraviolet Absorption and Color. UVA of the THMFP values that would be produced using the
appears to be an excellent measurement of organicstandard DWR test, as described below under "Rela-
content because it is known to exhibit a linear increasetionship between Dissolved Organic Carbon, Bromide,
wifl~ DOC. The Anlab and MWD measurements of UVA Chlomafion, and Trihalomethanes’. However, the rela-
were quite similar in the vegetation decay experiment,tive values from these lVlWD measurements of TI-IMF’P
UVA in the o~mtrol barrel remained at approximately 0.1 provide the basis for making an approximate comparison
em"~ throughout the experiment (Figure C3-17). UVAof the ef�ects of vegetative decay on TI-IMFP.
values for the 1X barrels were about 0.4 ore" on
February 27, 1992, and increased slightly to 0.45 om" by On April 29, 1992, the control C-THM cameen-
April 29, 1992. Much of this increase may be the resultWatkx~.was approximately 50 gig/l, the 1X barrels had C-
of evaporation, as indicated by similar increases inTHM concentrations of about 150 ~zg/l, and the 2X
chloride and bromide (Figures C3-12 and C3-13). UVA barrels had C-THM concentrations of 300 ~g/l. The C-
values for the 2X barrels were about 0.6 om"~ onTHMoongentratica in the 2X barrels was approximately
February 27, 1992, and increased to more than 0.8 ¢m"~ twice that of the 1X barrels (Figure C3-19). The data
in the last sample collected on April 29, 1992. indic, ate that the increase in C-THM concentrations

oeeun’ed within 2 weeks of initial loading of biomass into
The ratio between UVA (~rn"~) and DOC (mg/l) was the barrels as detem~ined from the control barrel conc, en:

relatively constant at values of 0.02 to 0.03 in mosttrafions. C-THIVl concentrations (and other measures of
samples (Figure C3’ 18). The low UVA/DOC ratio of organic content) were judged by JSA to have stabilized
0.015 calculated by MWD for the 2X barrels on the sutiioienfly alter 10 weeks for the experiments to be
first three sampling dates indicates that reported DOCterminated as planned.
values werd higher than DOC values expected based on
the corresponding measured UVA values. Data from the Figure C3-20 shows that the ratio of C-THM ~ug/l)
last measurement date for samples from all barrelsto DOC (rag/l) was very uniform, with a value of appro-
(including the control) suggested that the averageximately 10~zg/mg(rangeofS-12gg/mg)indieatingthat
UVA/DOC ratio for organics from vegetation decay is approximately 1% of the DOC had become THM mole-
between 0.025 and 0.030. Amy et al. (1990) found a cules during the MWD test for THMFP.
UVA/DOC ratio of 0.025 for river samples and 0.045 for
drainage samples. The ratio based on MWQI data fi~m Bromine Incorporation. incorporation of
the Banks and Traoy Pumping Plants ranges from 0.025bromine in THM molecules (Br-THM) from inorganic
to 0.035 (see Figure C1-9 in Appendix C1, "Analysis of bromine can be esiimated from the ratio of Br-THM to
Delta Inflow and Export Water Quality Data’). bromide ion (Figure C3-21). The ratio was approxi-

mately 40-50°,6 in most samples.
Color measurements were increased by vegetation

decay, but the scatter in the data reported by Anlab makes Each THM molecule has three halogen sites. The
these values less predse than the values from the UVA orbromine incorporation value is the average number of
DOC analyses. The control barrel had a color value ofhalogen sites occupied by bromine; the value (n) varies
approximately 10 units. An increase of nearly 100 colorfrom 0 to 3. The value can be estimated as:
units was associated with vegetation decay in the 1X
barrels, and an increase of about 200 color units was n-- Br-THlVI/80
observed in the 2X barrels. 3 ¯ C-THM/12

Carbon Content of Trihalomethane. The --Br-THM/(C- HM - 20)
carbon content of THM (C-THM) is equal to the molar
concentration times 12. C-THM concentrations mea- where 80 and 12 represent the molar weights of bromine
sured by MWD were quite consistent between the repl- and carbon, respectively, and 3 represents the number of
ie, ate barrels and among sample dates (Figure C3-19). halogen sites.

In its comment leRer on the dratt l"q~ort, ~ The bromine incorporation value was about 0.27 for
stated that the chlorine dose used for the 2X barrels in thethe control barrel, about 0.08 for the 1X barrels, and
THMFP test was generally close to the 120 mg/l used inabout 0.04 for the 2X barrels. B~ause the bromide
the s~andard DWR test procedure for THMFP. Samples concentration remained constant at about 0.4 mg/l in all
from the control and 1X barrels were dosed, however,barrels, it can be concluded that the bromine incor-
with ~siderably less than the 120 mg/l of chlorine usedporation dem’ensed as the total THMFP c, one, entration
by DWR. An adjusanent can be made to obtain estimatesincreased.
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Recent work by MWD and DWR (1992) suggests Soil Water Extraction Experiment
that in THM molecules increasesbromineincorporation
as a function of the ratio of chlorine dose to DOC (appro-
ximately 3.0 in tl~ MWD measurements), and the ratio of The soil water extraction experiment was designed
bromide to DOC (0.015 to 0.030 in these experiments), to quantify and compare potential concentrations of DOC
DWR and MWD commented that the incorporation of and associated vm’iables in soil samples collected from
bromine into THM molecules in actual drinking water agricultural field and wetland locations in the Delta. Tl~s
will be higher than these experimental measurements, experiment does not quantify the actual release of these
and therefore these bromine incorporation factors should variables into Delta channels because the water move-
not be used directly in the water quality assessment for ment through or from the soil water is not evaluated and
the DW project (see Appendix C5, ~Modeling Triha- the possible ecnversion or uptake of DOC within the soil
lomefi~ Produc~m at a Typical Water Treatment Plant column is not quantified. As a secondary objective, the
Using Delta Export Water’, for further discussion). The chemical composition of the peat soil samples provided
estimation of bromine incorporation is described in the a general characterization of peat soil on Holland Tract.
method for adjusting MWD and DWR measurements of
THMFP under ~Relationship between Dissolved Organic
Carbon, Bromide, Chlorination, and Trihalomethanes’, Methods
below.

Soil samples were collected on February 27, 1992,
with a scoop from the soil surface and from the bottom of

Conclu.~ions holes 2 feet (0.6 m) deep at two arbitrarily selected
locations in the Holland Tract demonstration wetland and

Differences in final DOC concentrations between the at two arbitrarily selected locations in an adjacent field
two wetland vegetation treatments and the control that hadbeenfarmed during 1991. Thus, a total of eight
observed in this experiment can be used to estimate the soil samples were collected, two from each of the four
mass leading per surface area, as illustrated in Figure C3- locations. Each of the soil samples was then split into
11. For each treatment, the concentration difference from three 1-kilogram (kg) portions for saturated soil water
the control (in rag/l) times the mean depth (in m) is the extraction, as described below. Thus, a total of 24
equivalent loading per unit area (g/m2). Areal loading samples were analyzed.
estimates (g/m~) can be converted to pounds/acre~ units by
multiplying by 8.92. Using this approach, observed The standard agricultural soil ~saturated paste~
DOC loading from decaying wetland vegetation can be technique was used to extract soil water from the
described relative to other DOC sources in the Delta. samples. In this technique, just enough water is added to

saturate ~ soil sample. Th~s technique is used to extract
This experiment directly answered question 3 (What concentrations of soil water salts and nutrients to which

is the expected contribution from decomposition of crop roots would be exposed. The saturated extract
wetland vegetation to levels of DOC and associated concentrations of constituents should approximate soil
variables7) and provided estimates of the contribution of water concentrations for saturated soil conditions. This
vegetation to the areal loading of DOC and other water technique was used in experiments on salt tolerance of
quality variables. DOC concentrations increased by Delta corn (Hoffinan et al. 1983).
approximately 9 mg/l in the 1X barrels and approxi-
mately 25 rag/1 in the 2X barrels ~igure C3-16). Based In the standard extraction technique, the soil paste is
on these con~tion increases, areal DOC loading was allowed to stand for 2 hours before the soil water sample
calculated to be approximately 5.4 g/m2 in the IX barrels is vacuum extracted for chemical analyses. For this
(i.e., 9 mg/l X 0.6 m -- 5.4 g/m2), and 40% higher, at 7.5 experiment, saturated soil smnples were also held for 7
g/m~, in the 2X barrels (i.e., 25 mg/l X 0.3 m - 7.5 g/m2), days and 30 days to determine whether the extracted
The 2X barrels might provide the more accurate estimate water concentrations would change with a longer
because the change in concentration was greater and, saturation period. This was to test the hypothesis that
therefore, analytical measurement errors would likely be peat soils may leach large quantities of materials, as a tea
a smaller percentage of the measured value. Comparing bag does.
these results with those of the flooded wetlands
experiments indicates that about 25% of the observed Wet soil samples of approximately 1 kg were
DOC loading of approximately 25 g/m~-year may have saturated with the addition of deionized water. The
been contributed from decay of fresh wetland vegetation, extracted water (250-500 milliliters [ml]) was diluted to

obtain approximately 1.5 liters needed for chemical
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analyses. The required dilution factors were recorded. Soll Properties. The wet weight and the dried
The primary chemical analyses were made by Anlab. weight for each soil extract sample were used to estimate ~
Subsamples from these diluted extract volumes were sent the initial water weight (and volume) of each sample.
to Siv~t Krasner at MWD. The MWD-measured DOC, The solids content varied from about 30% to 60%, which
UVA, and ITIMFP data frora these subsamples are is typical of peat soils (Buckman & Brady 1960).
presented and described here. Tables C3-8 (wetland
softs) and C3-9 (agricultural softs) show all chemical The initial volume of soil water was calculated from
analyses of the eight soil samples for the three holding the weight of initial water (assuming 1 ml/g). The
times, volume of water added to saturate the soil sample was

recor .d~l, and the total volume of water in the saturated
In its comment letter on the draft report, DWR sample was calculated. The extracted volume was

commented that the initial soil moisture content is an recorded, and the portion of the total soil water volume
important variable for determining the original quantity represented by the extracted volume was calculated. The
of soil mate~al. Anlab determined initial soil moisture in ~ portion of the total saturated soil water volume
the samples by drying a subsample of the soil. The solids varied from about 25% to 50%. The remainder is
content (.percentage) and the volatile solids fraction retained in the soil under the vacuum conditions used for
(percentage) of the dry soil material were both measured extraction.
for each sample. The moisture content can be calculated
by subtracting the solids percentage from 100%. The The organic content of the soil samples was esti-
initial water weight (in grams) is another expression of mated from the volatile solids fraction and varied from
the moisture content in the initial weight of wet soil 20% to 60% (Figure C3-22), which is typical of peat
(grams). These soil moisture values are listed in Tables soils (Buckman & Brady 1960). The estimated mass of
C3-8 and C3-9. organic carbon in the soil samples was ealculated, based

on the assumption that 40% of the organic content of the
The extracted percentage of the total water and the soil was carbon, and ranged between 30 g and 90 g. This

carbon content of the soil were calculated for comparing soil organic carbon content value was used to determine
and normalizing concentrations. The total water in the the fraction of soil organic carbon measured in the
saturated soil sample is the original water content plus the extracted water DOC. ~1~
added deionized water required to saturate the sample.
The extracted fraction of the total soil water is the actual Organics. DOC concentrations in the extracted
volume obtained following vacuum extraction. The water did not consistently increase with longer holding
carbon content of the soil was estimated from the initial times (Figure C3-23). Some concentrations differed a
(dry) weight of organic matter (volatile solids) in the soil, great deal between the three holding-time treatments, but
assuming a carbon content of 40% (average carbon this variability between replicate soil samples was
content of organic materials). The percentages of solids, expected because they were separate subsamples. The
volatile solids, and extracted water volumes were quite highest DOC concentrations and the greatest differences
consistent between the three holding-time treatments for between soil samples were observed in the two surface
each soil sample, agricultural soil samples. Although other samples had

DOC concentrations between 30 mg/l and 90 rag/l, the
agricultural surface samples had DOC values between

Results 110 mg/l and 240 mg/l. These soil water concentrations
represent the highest possible DOC concentrations in

The results of the soil analyses and the soil water drainage water from these soil samples because drain-
extract concentrations for the three holding times are age processes would normally provide some dilution of
compared for groups of related parameters. Because these soil water concentrations.
separate soil subsamples were used for the three holding-
time treatments, some variability in the soil properties Ultraviolet Absorption. The UVA values for
and extracted water concentrations was expected. The the extracted water samples showed a similar pattern
mass of DOC or other chemical constituent in the (Figure C3-24), with no consistent increases related to
saturated soil water volume can be calculated by holding ~ime. The UVA values were generally similar
multiplying the concentration observed in the extracted (1-2 cm"l) for all the bottom samples and the surface
volume by the total estimated soil water volume (extract wetland soils. The UVA values were much higher (4-12
volume/percent water extracted/100), cm"t) for the surface agriculture soils. These represent

the highest possible UVA values in drainage or leaching      ~
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water ~ these soil samples because drainage processes saturated soil water volume is compared with the TOC
would dilution of these values, content of the soil tbe relative magnitude ofprovide s,ample(g),

the potential source of DOC from these soil samples can
Figures C3-23 and C3-24 indicate that the Anlab and be indexed and comparatively assessed. Measurement of

MWD measurements for both DOC and UVA from the the soil-sample carbon content should be made in future
soil extract samples were quite similar, increasing tests of this sort.
confidence in the general results of this experiment.

Soil sample carbon content was estimated from the
The ratios of UVA to DOC were similar for all measured volatile solids fraction, based on an assumed

wetland and bottom agricultural samples, with values carbon content of 40%. For example, the first column
generally of 0.025-0.040 (Figure C3-25), similar to the of Table C3-8 indicates that the 2-hour holding time
ratios from barrel sample measurements from the vegets- sample from the surface of wetlands site 1 had an initial
tion decay experiment (Figure C3-18). The surface agri- we.~ght of 1,200 g, a solids content of 58%, and a volatile
cultural samples gaye UVA/DOC values greater than solids content of 28%. The soil sample is calculated
0.04. Amy et al. (1990) reported that the UVA/DOC to have a carbon content of 78 g (1,200g - .58 - .28 -
ratio for river inflow water was about 0.025 and for .40 = 78g). The corresponding ratio of DOC to soil
several Delta agricultural drainage samples averaged organic carbon was 0.39 mg/g (30mg/78g = .39 rag/g).
0.045.

In this experiment, the bottom samples from all four
DWR’s comment letter suggested that the ratio of loeatiens had similar ratios of DOC to soil organic carbon

UVA to DOC may indicate the reactivity of the DOC of 0.4-0.8 milligrams per gram (rag/g), suggesting that
material to form THM. UVA, rather than the more only 0.04% to 0.08% of the soil organic carbon is
general DOC measurement, has been used in other dissolved in the soil water (Figure C3-26). The surface
studies to indicate the presence of reactive THM pro- wetland samples also had similar ratios of DOC to soil
cursors (suspected to be fulvic and humic acids). If the organic carbon of 0.4o0.8 mg/g. In contrast, the surface
ratio between UVA and DOC is slightly different for each agricultural soil samples had ratios of DOC to soil
source of DOC, possible source variation in the yield of o~ganic carbon of 1.0-2.2 mg/g. The magnitude of these
THM from DOC can be estimated by using this UVA ratios suggests that only a very small fraction of the soil
measure. Therefore, UVA may provide a much simpler organic carbon is readily dissolved in the saturated soil
measurement and perhaps a more direct index of THM water, even with a holding time of 30 days. The ratios of
precursors. DOC to carbon in surface agricultural soil samples of 1-

2 mg/g suggest that only 0;1% to 0.2% of the organic
Delta peat soils appear to have somewhat higher carbon in the soil samples is dissolved in the soil water.

UVA/DOC ratios (0.025:0.060 in Figure C3-25) than The availability of DOC is considerably greater (two to
decaying vegetation samples (0.025-0.030 in Figure C3- three times) in the surface agricultural soils than in the
18). In comparison, DWR MWQI data for 1990-1991 wetland soils or deeper agricultural soils.
showed that samples of Delta export water had
UVA/DOC ratios of 0.025-0.035, whereas the Sacra- Carbon Content of Trihalomethane. Figure
rnento River has lower UVA/DOC ratios of 0.020-0.025. C3-27 shows the C-THM values measured by MWD. By
MWQI data for 1990-1991 from agricultural drains on calculating the C-THM/DOC ratio, the yield of C-THM
the DW project islands (Bouldin and Bacon Islands and from DOC can be determined. As shown in Figure C3-
Wcbb and Holland Tracts) had average UVA/DOC ratios 28, the C-THM/DOC ratio was between 4.5 ~zg/mg and
of 0.035-0.050. UVA values may therefore differ slightly 9 ~g/mg, suggesting that about 0.5-1.0% of the DOC
between water from wetlands (fresh vegetation) and from becomes THM molecules during the THMFP assay
agricultural (soil and organic residue) drainage, with performed by NIWD. These ratios for the soil extract
agricultural drainagecontributing higher UVA values for samples are similar to those obtained by MWD for the
the same DOC concentration, vegetation decay experiment samples (7-12/zg/mg, or

0.7-1.2%), as shown in Figure C3-20.
Ratio of Dissolved Organic Carbon to Soil

Organic Carbon. DOC measurements in the extracted Recent work by DWR and MWD indicates that the
water can be compared with the estimated soil sample yield of C-THM from DOC depends on the strength of
organic carbon content (actual carbon content measure- the chlorine dose relative to the DOC concentration°
ments were not included in study design) to provide an (DWR 1992). This relationship is described below,.
index of the fraction of the organic carbon in the soil that under "Relationship between Dissolved Organic Carbon,
is dissolved as DOC. If the total DOC mass (rag) in the Bromide, Chlorination, and Trihalomethanes’. The
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MWD technique, however, uses a constant chlorine-to- Conclusions
DOC ratio of about 3. The similar C-THM/DOC ratios
from the vegetation and soil experiments suggest that the The soil sample extracts provide a relative index of
reactivity of DOC to form TI-IM, molecules during the potential for soil drainage or leaching to contribute to
chlodnafion is generally similar for both vegetation decay UVA, DOC, minerals, and nutrients in drainage or
and soft extract sources of DOC. pervied water. This experiment generally confirmed the

hypothesis that surface agricultural soils constitute the
MWD commented on the draft report that the similar greatest potential source of DOC and that wetlands soils

relative yield of C-THM from DOC for both agricultural are less of a potential source than agricultural soils. This
and wetlands soils emphasized the need to quantify the provides an answer for question 4 (What are the relative
mass balance of DOC from Delta soils under alternative contributions of DOC and associated water quality
land management practices. The greater concentrations variables from agricultural and wetland soils?): agri-
of DOC in agricultural soils are only significant if the cultural surface soil has approximately twice the DOC
DOC concentrations are leached and transported to the yield index as wetland soils (Figure C3-26).
Delta drains by agricultural water management. These
soil water measurements suggest that the maximum Salts, OVA, and DOC Oaumic material) appear to be
possible DOC concentrations in drainage water from rapidly dissolved from the soil matrix into the saturated
agricultural surface soils are considerably higher than water. The potential contribution of these materials from
concentratiom from wetland or subsurface soils. Because different soils can be determined from the soil water
it is likely that the movement of water through the agri- extraction procedure demonstrated with this experiment,
cultural soils during irrigation and salt leaching is greater but the actual movement of these materials from soils into
than the movement through wetland soils, the mass of drainage or leaching water depends on water movement
DOC from agricultural soils .is likely to be higher than and other factors that were not addressed by these experi-
from wetlands. However, these DOC mass measure- ments.
ments were not made in this experiment.

The ratio of DOC to soil organic carbon provides an
Salts. Extract concentrations of salts were some- appropriate index for comparing the potential DOC con-

what variable among the soil samples and the holding- tribution from soils, but the actual amount of DOC ~1~
time treatments, as shown for the general variables of released from the soils cannot be determined unless it is
TDS and EC in Figure C3-29. The agricultural-2 known what volurne ofsoil water is removed during agd-
samples had extremely high salt concentrations. Calcium cultural practices or is leached into a flooded wetland or
and magnesium showed a similar pattern, with variations storage water volume. It does appear, however, that
not related to the extract holding time. Individual anions wetland soils would yield lower DOC loading than
and cations generally show constant ratios in each soil agricultural soils if a similar volume of soil water were
sample, independent of the saturaied holding time. Salt extracted during agricultural practices and wetland flood-
concentrations did not show consistent increases with ing.
saturation holding time, perhaps because soluble salts are
readily available and dissolve quickly. Similar experiments might be performed to charac-

terize the potential for release of DOC from other Delta
pH. DWR recommended that reduction-oxidation soils. It appears that the basic 2-hour holding time is

(redox) potential be measured for each soil sample to sufficient to obtain representative extract water concert-
demonstrate the general chemical conditions for each tratiens for salts and organics. The similarity between the
sample. Alternatively, the pH of a soil water extract 2-hour measurements and 7-day and 30-day measure-
provides an indication of the general chemical conditions ments suggests that the DOC contribution from peat soils
of the soils. Table C3-9 indicates that extracts from all does not increase with holding time. These soil extract
agricultural soil samples had pH values between 5.6 water concentrations characterize the potential sources of
and 6.6. The surface wetland soil extracts had pH values organics from the soil matrix but cannot be directly used
between 5.0 and 5.6, and the bottom (2-foot-deep) io estimate the loading to agricultural drainage water or
wetland soil extracts had the lowest pH values, between to flooded wetlands or storage water.
4.5 and 5.1 (Table C3-8). These pH values generally
COnffLrm the hypothesis that agricultural soils would be
more oxidized (with higher pH) than wetland soils and
may therefore contribute more DOC than wetland soils
would contribute to Delta waters.

Delta Wetlands Draft FIR/EIS Appendlx C3. Water QualiO~ F_.vperiments on Potential
Sources of Dissolved Organics and THM Precursors

87-119HH3APPD-C3 C3-16 September 1995

G--O 6 ’1768
C-061768



RELATIONSHIP BETWEEN DISSOLVED Yield of C-THM from Dissolved
CARBON, BROMIDE, OrganicORGANIC Carbon

CHLORINATION, AND

The first step in the generalized method is to
describe the expected yield of C-THM from the DOC

One ofthe major purposes of measuring the contri- . concentration. The DWR MWQI data for Delta water
butions to Delta waters of DOC from Delta agricultural indicates that the yield of C-THM is approximately 1-2%
and wetland islands is to calculate the increase.in DOC at ofthe DOC concentration. However, it is recognized that
the Delta export locations and estimate the anticipated this THM yield is a function of chlorine dose and is
TI-IM concentrations in treated drinking water resulting therefore much lower in the SDS assay or actual treated
from these increases. Increased bromide concentrations water than in the THMFP assay.
during periods of seawater intrusion or from San Joaquin
River sources may also affect the anticipated THM con- The THMFP assay used by DWR MWQI to estimate
centratious in treated drinking water. Two basic methods the THMFP of Delta water and agricultural drainage uses
can be used to estimate the THM concentrations in a relatively strong initial chlorine dose (120 mg/l CI*)
treated drinking water: with an incubation time of 7 days at 250C (DWR 1992).

The ratio of chlorine to DOC would be 40:1 for low
¯ Predict THM based on levels of basic water DOC concentrations (3 rag/l) and would decrease to

quality variables and the expected chlorination 4:1 for high DOC concentrations (30 rag/l). The SDS
dose and time in the water treatment plant, us- assay, used by MWD to estimate actual distribution
ing a regression equation developed from pre- system THM concentrations, uses a variable chlorination
vious THM tests. This is the method used in dose (3 x DOC + 8 x NH3 ) to oxidize the ammonia and
the EPA water treatment plant (WTP) THM provide a chlorine-to-DOC ratio of about 3:1 at 25°C
model (Appendix C5, "Modeling Trihalome- (Symons et al. 1993). Actual chlorine doses at typical
thane Production at a Typical Water Treatment water treatment plants may be characterized by a
Plant Using Delta Export Water"). chlorine-to-DOC ratio of less than 1 (Appendix C5,

"Modeling of Trihalomethane Production at a Typical
¯ Estimate the THMFP from a chemical assay Water Treatment Plant Using Delta Export Water").

procedure to identify the relative potential to
form THM (but not the actual THM concen- Results from several special THMFP and SDS
tration). This is the method used by DWR in its assays with variable chlorine doses performed by MWD
THMFP assay for Delta channel water and and DWR (DWR 1992) suggest that the yield of C-THM
drainage water and the method used by MWD would increase rapidly at low chlorine-to-DOe ratios and
in its simulated distribution system (SDS) level off at relatively high chlorine-to-DOC ratios. A
assay, half-saturation curve was tested as a reasonable way to

describe this tendency for the C-THM yield to saturate at
Fo~owing the analysis of available DWR and MWD high chlorine doses. The yield of C-THM as a percentage

data and the experimental results described in this appen- of DOC was estimated as a function of the chlorine-to-
dix, a generaliz~method for estimating ~ concentra- DOC ratio that was used as the chlorine saturation
tions for any combination of DOC, bromide, and chlori- variable.
nation dose has been developed that is sttfficienfly accur-
ate for impact assessment purposes. This generalized The maximum yield of C-THM was estimated as
method provides a conceptual framework for under- 2%, based on the maximum yield observed in the MWQI
standing the yield of C-TI-IM from DOC and the incor- Delta channel data, having chlorine saturation values
poration of bromine into the TH1VI molecules. This (120/DOC) of greater than about 20 (see Figure C1-8 in
method is applicable for the full range of possible Appendix C1, "Analysis of Delta Inflow and Export
chlorination doses, and therefore can be used to predict Water Quality Data"). The half-saturation value for
THMFP assay, SDS assay, or actual treatment plant chlorine saturation could not be estimated from the
THM data. Figure C3-30 illustrates the method for MWQI Delta channel data, because few of these samples
estimating THM concentrations from DOC, bromide, and had low chlorine saturation values. The MWQI agricul-
chlorination (CF) dose. tural drainage samples, however, had much lower chlor-
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ine ~tur~ou values (1-20~ because the DOC ~n~a- T~meth~e Concentrat~n
tio~ w~� m~h ~ ~ ~ ~plcs. ~� c~o~e
~ v~ ~t @ves a C-~ ~�ld of 1% DOC is
¯ e h~-~afion ~ffici~t. ~s ~ffiei~t w~ ~e ~d ~ ~ ~e genial me~ to es~a~
~ ~ a ~-t~DOC ratio of appro~a~ly 5. T~ ~n~afon is to e~c~ate ~e fm~ ~
~e yield of C-~ is ~efore e~at~ ~: ~n~Wafion ~om ~e C-~ ~d browne ~ra-

~ (n) ~. Wi$ no broke ~raton (n~),
C-~OC (%) = 2 - Cl+~OC/(5~l+~OC) ~e ~ mol~ wei~t is 119 ~mole. Wi~ ~mplete

broke ~afion (n=3), ~e ~ mol~ wei~t is
~s relafio~p w~ ~ te~ ~ ~e ~ 252.5 ~ole, for ~ ~ml mol~ wei~t of 44.5g

SDS da~, w~eh r~r~ relatively low e~o~e f~h~g~ofbro~e ~rafion (n). ~e ~
~afion v~s (1-3). ~ ~ ~ ~m g~ly ~n~n~afion is ~efore:
follow~ (~ ~id~able ~aa~) ~s e~at~ h~-
sat~afion c~e for C-~ ~eld. &i~es 3C-31 ~~)=C-~12- (l19+n-44.5)
[eh~els], 3C-33 [&m], ~d 3C-35 [SDS]):

T~alomethane Species
B~m~e ~eo~oratlon

A ~le p~abili~ calculation c~ be ~ to esfi-
The ~nd ~ ~ ~e g~ me~ to e~ate mate ~e ~n~Wafion of ~divid~l ~ mol~

T~ ~n~afiom is to calc~ate ~e broke ~r- ~uaon ~d Chug 1994). B~a~ ~e probabili~ ~at
~fi~ (n), ~ a value ~ 0 ~d 3, ~ a ~efion any one h~og~ site is ~upi~ by broke is ~, ~e
of ~e broke sa~afion, de~ ~ ~e mol~ ratio of probabili~ ~at a site is ~upi~ by e~o~e is 1-~.
brom~e to ~ halog~ sites (3 ¯ ~. ~o~er The dis~bufion (~aetion) of ~ ~ies e~ ~ ~
h~-sa~afion relatio~p be~n ~e broke est~at~:
inco~rafion ~d ~e broke sa~afion v~able w~
test~ ~ a re~nable way to de~d~ ~s broke CHCla = (1-~3)~ = 1 - n + 1/3 n~ - 1~7 n~
~fi~ ~ ~ ~afion value is calcdat~ ~:

C~I~ = 3 (1-~3)~ (~3) = n - 2/3 n~ +1/9 n~
Br sa~afion = Br~9.9

3 ¯ C-~12 C~r~C1 = 3 (1-~3) (~3): = 1/3 n~ -1/9 na

= Br/(C-~ ¯ 20) C~ra = (~3)~ = 1/27 na

~ ~m ~ble ~e ~orafion v~ue Fi~es C3-31 ~d C3-32 show ~e D~ ~QI
is 3, so ~e h~-~afion ~ffiei~t w~ est~at~ ~ Delta eh~el me~emen~ of C-T~ ~dd ~d br~
¯ e broke ~afion value ~at gave a broke ~r- ~e ~orafion (n). ~e~ data have relatively ~
~rafion (n) of 1.5. ~s h~-sat~afion ~ffieient w~ ehlofine-to-DOC ratios ~d profide ~ est~ate of ~e
a~ro~ately 2. ~e haff-sa~ation e~e for browne ma~ y’idd of C-~ ~om DOC of about 2%.
~orafion (n) is: There is ~ly a ~eat deal of ~atter about ~e pro-

posed c~ofine sa~afion e~e, ca~ by ~ible
n = 3 ¯ Br ~afion / (2 + Br sa~afion) vmatio~ in ~e ~say ~ndifions or deviations ~om ~e

g~al satiation e~e.
The b~e ~n~nWafion w~ est~at~ for ~me

samples ~out broke me~em~ ~ 0.~35 - The broke in~oration e~e for ~e D~
chloride, ~g ~e ~ ratio of bro~de to e~ofide. ~QI Delta eh~el me~~ follows ~e pr~
~ ~QI ~d ~ dam gen~ly follow (wi~ ~me ~ broke sa~afion e~e ~ou~ ~e en~e r~ge
~) ~ ~ ~orafion e~e ffi~es 3C-32 of broke ~afion, ~elud~g ~me ~ bromide
[eh~els], 3C-34 [&a~s] ~d 3C-36 [SDS]). ~n~nWation s~ples ~om Mall~d Isled.
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Figures C3-33 and C3-34 show the DWR MWQI SUMMARY OF RESULTS
agdcultural drainage measurementsDelta of C-THM

yield and bromine incorporation (n). These data have
lower chlorine-to-DOC ratios and provide an estimate of The water quality experiments described in this
the half-saturation coefficient for chlorine saturation of appendix demonstrate that concentrations of organic
about 5. The C-THMyield appears to be limited at lower THM precursors are consistently related to concentra-
chlorine-to-DOC ratios, ccmfmning the general saturation tions ofother nutrients and minerals in the Delta. Vege-
curve description. There is certainly a great deal of tation and soils in the Delta each have characteristic
scatter about the proposed chlorine saturation curve, chemical compositions that produce distinctive residual
caused by possible variations in the assay conditions or chemical compounds during decay and oxidation.
deviations from the general saturation curve.

Many of the observed relationships among these
The bromine incorporation curve for the DWR organic variables are similar to those described by the

MWQI Delta agricultural drainage measurements follows ¯ DWR MWQI data from Delta channels and agricultural
the proposed bromine satiation curve in the lower range drains (see Appendix C 1, "Analysis of Delta Inflow and
of bromine saturation, caused by much higher C-THM Export Water Quality Data", and Appendix C2, "Analysis
formation with relatively little bromide concentration in of Delta Agricultural Drainage Water Quality Data’).
the samples. DOC is the major variable of concern as a measurement

of organic THM precursors produced from vegetation
Figures C3-35 and C3-36 show the MWD SDS and peat soils. DOC exhibits consistent relationships

assay results for C-THMyield and bromine incorporation with UVA and C-THM. The consistent relationships
(n) from Delta water. These data have much lower among these variables provide a solid basis for
chlorine-to-DOC ratios and are more representative of developing impact assessment models and for specifying
actual water treaunent plant conditions. The C-THM mitigation monitoring requirements for DW operations.
yield appears to be definitely limited at these low
chlorine-to-DOC ratios, confn-ming the general chlorine The vegetation decay experiment in 1992 demon-
saturation curve description and the half-saturation strated that little (approximately 3-4%) of the organic
coefficient for chlorine saturation of approximately 5. carbon produced by decaying vegetation remains in the
There is some remaining scatter about the proposed water as DOC; most is lost as CO2 during aerobic
chlorine saturation curve, caused by variations in the decomposition. Most of the minerals (calcium, magne-
assay conditions (incubation time and temperature) or sium, and potassium) and nutrients (nitrogen and phos-
deviations from the general saturation curve, phorus), however, remain dissolved in the water in

concentrations that reflect the original plant composition.
The bromine incorporation curve for the MDW SDS

assay results for Delta water, including some bromine DOC concentrations produced by decaying vegeta-
spike experiments, follows the proposed bromine satur- tion may be most closely related to the lignin content of
ation curve throughout the range ofbrornine saturation, the vegetation. The observed DOC load produced by
caused by much lower C-THM formation compared with wetland vegetation was estimated to be between 5 g/m2

the available bromide concentration in the samples, and 7.5 g/m2. The expected DOC load from corn crop
residues left in agricultural fields is estimated to be

These three independent data sets of THM assay approximately four times as much, based on a much
measurements provide some confirmation of the general larger biomass, with approximately the same lignin
conceptual framework for estimating THM concentra- content. Contributions of DOC from corn crop residues
tiens from the DOC, bromide, and chlorination condi- in the Delta have not been measured directly.
tions. This method can be used for assessment of the
potential effects of DW project discharges on Delta The 1992 soil water extraction experiment demon-
channel DOC concentrations and the expected change in slrated that little (less than 0.2%) of the organic carbon in
Tt-]M concentrations in treated drinking water exported Delta peat soils was dissolved in the soil water. The ratio
from the Delta. It therefore can be used for mitigation of DOC to soil carbon was greater (two times), however,
monitoring of DW discharges to prevent significant in surface samples from the agricultural field than in the
adverse impacts on treated drinking water THM con- deeper samples from the agricultural field or in samples
centrations, from the demonstration wetland. This experiment indi-

cated that the availability of DOC in soil water is greater
in surface peat soils under agricultural conditions than in
wetland soils.
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The 1989-1990 flooded wetland and seasonal water Chapter 6, The organic matter of mineral soils, in
storage experiments in the Holland Tract demonstration The Nature and Property of Soils. The MacMillan
wetland indicated a DOC load in the wetland of appro- Company. New York, NY.
ximately 25 ghn~. Apparently, almost all this DOC load
originated from the vegetation and surface residues on the California. Department of Water Reso~. 1980.
wetlmxi soil; the DOC load did not increase substantially Subsidence of organic soils in the Sacramento-San
during the 3-month water storage period from peat soil Joaquin Delta. Central District. Sacramento, CA.
leaching. The vegetation experiment DOC estimate of
5-7.5 g/m2 indicated that decay of fresh wetland vese- . Department of Water Resources. 1989.
tation may account for only 25% of the estimated DOC The Delta as a source of drinking water - monitoring
load fi’om the wetland. Therefore, the remainder must results.. 1983 to 1987. Interagency Delta Health
have originated fi-om surface peat soft oxidation or vege- Aspects Monitoring Program. Central District.
tation residues fi’om previous growing seasons. Sacramento, CA.

A direct estimate of DOC load flom agricultural . Department of Water Resouro~. 1990.
drainage on Holland Tract or any other Delta island is not Delta island drainage investigation report of the
available beean~ the MWQI does not yet have access to Interagen~y Delta Health Aspects Monitoring
drainage volumes to combine with the DOC concentra- Program: a summary of observations during conse-
tion measurements. For the EIR/EIS impact assessmenL ¢utive dry year conditions - water years 1987 and
the probable DOC load conditions for the DW project 1988¯ Division of Local Assistance. Sacramento,
and for no-project agricultural drainage f~om the DW CA.
islands must be estimated.

¯ 1991. Trihalomethane formation potential
Because direct measurements are not available, the in the Sacramento-San Joaquin Delta mathematical

most reasonable procedure for assessing the potential model development. Sacramento, CA.
effects of DW project operation on DOC is to combine
available measurements in a conceptual model of Delta . 1992. MWQI issue paper, Evaluation of
island agricultural water and salt management. Such a the Ti-IM]~ assay. March 26, 1992. Sacramento,
model ean then be used to estimate drainage quality for CA.
the Delta agricultural islands and DW project islands.
Such a conceptual model of Delta agricultural water Deverel, S. J., S. A. Rojstaczer, and J. M. Neil. [In
management, salt balance, and organic carbon cycle is press]. Subsidence rates and carbon fluxes in
presented in Appendix C4, "DeltaDWQ: Delta Drainage organic soils, Sacramento-San Joaquin Delta,
Water Quality Model". Potential effects of Delta export Califomit~ II. Contemixrary subsidence and carbon
water quality (especially bromide and DOC con- fluxes. Soil Science Society of America Journal.
centrations) on THM concentrations in treated drinking
water are presented in Appendix C5, "Modeling of Triha- Hoffman, G. J, E. V. Maas, T. L. Pilchard, and J. L.
lomethane Production ata Typical Water Treatment Plant Meyer. 1983. Salt-tolerance of corn in the Sacra-
Using Delta Export Water". mento-San Joaquin Delta of California. Irrigation

Soience 4:31-44.

crrATIONS Hutton, P. H., and F. I. Chung. 1994. Bromine distri-
bution factors in THM formation. Journal of Water
Resources Planning and Management 120( 1): 1-16.

Amy, G. L., J. M. Thompsen, L. Tan, M. K. Davis, and S.
W. Krasner. 1990. Evaluation of THM precursor 1993. Water quality experiments on
contributions from agricultural drains. Journal potential sources of dissolved organics and THM
AWWA 82:57-64. precursors for ,the Delta Wetlands project: final

report. (JSA 87-119.) Sacramento, CA. Prepared
Broadbent, F.E. 1960. Factors influencing the for California State Water Resources Control Board,

decomposition of organic soils of the California Division of Water Rights, and U.S. Army Corps of
Delta. Hilgardia 29(13):586-612. Engineers, Sacramento District, Sacramento, CA.

Buckman, I-L O., and N. C. Brady. 1960. Chapter 13,Mather, S. P., H. A. Hamilton, and M. P. Levesque.
Organic soils-nature properties and utilization, and 1979. The mitigating effect of residual fertilizer
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copper on the decomposition of an organic soil in
situ. ~oil Science Society of America Journal
43:220-203.

Newmaroh, (3. 1981. Subsidence of organic soils,
Sacramento-San Joaquin Delta. July. California
Geology 135-141.

Stephens, J. C., and E. H. Stewart. 1976. Effect of
climate on organic soil subsidence. In Proceedings
ofth~ 2rid International Symposium on Land Subsi-
dence, Anaheim, California. December. (Intcrna-
tional Association ofHydrologicad S~iences Publica-
tion 121.) International Association of Hydrological
Sciences. Wallingford, United Kingdom

Symons, J. M., S. W. Krasner, L. Simms, and M.
Sclimenti. 1993. Me, asm’cment of THM and pre-
cursor concentrations revisited: the effect of bro-
mid~ iow Journal of American Water Works Asso-
ciation 85(1):63.

Tate, R. L. HI. 1979. Effect of flooding on microbial
activities in organic soils: carbon metabolism. Soil
Science 138:5.

Terry, R.E.,andR. L Tatc HI. 1980. Dentrificationas
a pathway for nitrate removal from organic soils.
Soil Science 129:3.

U.S. Soil Conservation Service. 1989. Land subsidence
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Table C3-1. Demonstration Wetland Biomass Composition Compared with Bouldin Island Corn Biomass Composition

Hemio
Dry Weight Cellulose cellulose Lignin Biomass Biomass Lignin

Sample (gram) (percent) (percent) (percent) (ton/acre) (kg/sq. m) (kg/sq. m)

Holland Tract Demonstration Wetlands Vegetation Samples=

October 1989
1 107 35.4 27.7 4.6 1.71 0.38 0.02
2 153 36.2 28.2 4.0 2.45 0.55 0.02
3 130 33.6 24.3 5.7 2.08 0.47 0.03
4 184 32.9 27.4 5.5 2.94 0.66 0.04
.5 191 28.5 35.5 4.0 3.06 0.68 0.03
6 260 25.6 30.4 6.6 4.16 0.93 0.06
7 123 22.9 34.4 3.8 1.97 0.44 0.02
8 197 37.9 22.8 5.8 3.15 0.71 0.04

Average 168.1 31.6 28.8 5.0 2.69 0.60 0.03

November 1989
1 82 35.4 27.0 42 1.31 0.29 0.01
2 129 35.4 26.0 4.2 2.06 0.46 0.02
3 108 35.8 21.1 7.4 1.73 0.39 0.03
4 116 38.3 25.6 4.7 1.86 0.42 0.02
5 204 32.2 28.2 5.7 3.26 0.73 0.04
6 126 34.7 20.7 10.9 2.02 0.45 0.05
7 112 37.7 25.2 6.6 1.79 0.40 0.03
8 222 40.8 23.2 5.5 3.55 0.80 0.04

Average 137.4 36.3 24.6 6.2 2.20 0.49 0.03

January 1990
1 83 36.7 26.6 5.1 1.33 0.30 0.02
2 71 39.7 26.9 3.8 1.14 0.25 0.01
3 114 36.5 21.9 8.3 1.82 0.41 0.03
4 103 41.6 27.7 4.9 1.65 0.37 0.02
5 168 30.1 30.! 7.8 2.69 0.60 0.05
6 71 33.3 25.0 6.3 1.14 0.25 0.02
7 143 37.6 23.9 6.8 2.29 0.51 0.03
8 148 40.7 24.5 6.8 2.37 0.53 0.04

Average 112.6 37.0 25.8 6.2 1.80 0.40 0.03
Grand Average 139.4 35.0 26.4 5.8 2.23 0.50 0.03

Bouldin Island Corn Stalksb

November 1989
1 201 42.2 29.9 7.2 6.6 1.5 0.11
2 213 40.7 27.9 7.1 7.0 1.6 0.11
3 280 36.8 28.8 7.4 9.2 2.1 0.15

Average 231 39.9 28.9 7.2 7.6 1.7 0.12

¯ Each sample, was composite of three 1-fl z clip plots ofaboveground biomass. Species composition varied and xvas dominated by
watergrass and smartwced. Samples 1-4 were flooded vegetation; samples 5-8 were dry vegetation.

b Each stalk with roots but without the Corn is at density of 30,000 stalkssamplewasone planted a peracre.
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Table C3-2. Water Quality of the Holland Tract Demonstration Wetland
during the Flooded Wetland Period of October 1989-January 1990

Rock Slough Composite

at Old River Inflow Sampling Dates

Variables Units Oct 2 Oct 19 Nov 3 Nov 10 Nov 17a Nov 17a Nov 30Dee 8 Dee 15 Dee 22 Dee 29 Jan 5 Jan 15

Water depth gage inches NA NA 23.25 22.25 23.75 23.75 2.’3.25 2.’3.00 2.’3.00 23.25 24.75
Field temperature *C 21.0 NA 14.0 11.0 10.5 9.5 9.5 5.3 6.3 7.8 11.5
TOC b mg/l 3.5 4.3 14.3 16.9 20.4 20.4 30.7 32.0 32.1 35.6 38.6 37.5 38.4
Color units 20 NA 100 200 200 150 240 350 350 300 310 325 250
pH units 7.8 6.6 8.2 6.8 6.9 6.8 6.9 6.8 7.0 7.0 7.0 7.1

EC #S/em 520 677 826 809 831 840 816 891 737 725 746 715 680
TDS mg/l 556 590 501 511 485 578 557 570 471 415 456 434

Chloride mg/l 97 177 188 169 202 197 187 178 191 172 158 159 175
Sulfate mg/l 30 65 66 80 78 105 88 99 97 92 90 83
Nitrate-N mg/l 0.31 <.05 <.05 <.05 <.05 <0.5. <0.5 <.05 <.05 <.05 <.05 <.05
Bromide mg!l 0.55 0.61 0.64 0.68 0.67 0.58 0.56 0.62 0.65 0.60 0.54 0.57
Alkalinity mg/l 67 58 60 66 66 66 72 68 73 77 72 81

Calcium mg/l 18 27 29 29 33 36 38 36 40 40 40 38
Magnesium mg/l 18 22 23 22 24 27 27 26 28 28 27 26
Sodium mgh 62 97 106 108 110 114 111 113 104 108 104 101 102

Chloroform #g/l 250 130 1,500 1,300 1,800 1,800 3,500 2,900 2,800 3,300 2,300 ~,800 2,600
Bromodiehloroform #g/l’ 83 120 320 240 250 2.’30 400 470 350 320 250 390 ¯ 320
Dibromoehloromethane #g/l 82 130 42 33 25 24 50 47 32 42 19 30 37
Bromoform #g/l 9 24 ND ND ND ND 4 ND ND ND ND ND ND
THMFP #g/l 424 404 1,862 1,573 2,075 2,054 3,954 3,417 3,182 3,662 2,569 3,220 2,957
C-THM #g/l 40 33 193 164 220 218 420 359 338 391 274 341 314
CI-THM /zg/l 272 189 1,480 1,266 1,714 1,705 3,296 2,791 2,648 3,082 2,158 2,665 2,458
Br-THM #g/l 112 182 189 143 142 131 238 266 196 189 137 214 185

NA -- Not analyzed.
ND = Not detected.
a Replicate samples.
~’ Organle carbon measured in this experiment is assumed to be dissolved; therefore, TOC is equivalent to Dec.



Rock Slough
at Old River Surface Samples Bottom Samples

Variables Units April 25 April 23 May 7 May 18 June 4 June 25July 25 April 2.3 May 7 May 18 June 4 June 25July 25

Water depth gage a inches 53 58 57 56 52 56
Field temperature *C 19.5 22 21 21.8 23.5 26 19.3 22     21 21.5     2.3 23.5
Field dissolved oxygen mg/l 6 5.5 5.8 6.8 6.8 8.8 5.5 4.3 5.8 6.4 6.2 6.6
Secehidepth feet 2.9-3.11.9-2.83.1-3.43.0-3.53.0-4.0 3.2 2.9-3.11.9-2.8 3.1-3.43.0-3.5 3.0-4.0 3.2
TOC b mg/l 3 30 32 32 33 31 31 29 32 31 32 31 31
Color units 20 250 200 250 200 200 200 250 250 250 200 225 200
pH units 7.5 7.7 7.6 7.8 7.6 7.7 7.6 7.7 7.7 7.7 7.6 7.8
Organic nitrogen mg/l 1 1.5 1.5 1.1 1.5 1.3 1.9 1.5 1.4 1.3 1.2 1.5
Ammonia-N mg/i 0.58 0.59 0.41 0.53 <.1 0.14 0.58 0.62 0.44 0.5 0.35 0.13 I~.
Total phosphorus mg/l 0.18 <.05 <.05 <.05 <.05 0.07 0.2 <.05 <.05 <.05 <.05 0.15 I~.
Ortho phosphorus rag!! 0.1 <.05 <.05 <.05 <.05 <.05 0.11 <.05 <.05 <.05 <.05 <.05

EC /~S/cm 864 938 940 988 964 955 807 937 938 984 965 965 803
TDS mg/l 466 605 607 622 637 590 485 584 636 617 582 575 538

Chlodde mg/l 195 229 260 243 238 235 211 226 268 242 242 2..38 202’ ~
Sulfate mg/l 39 43 43 40 38 33 2.3 43 43 40 39 34 2.3

INitrate-N mg/l 1.2 0.12 0.19 0.19 0.16 <.05 <.05 0.12 0.2 0.18 0.16 <.05 <.05
Bromide mg/l 0.66 0.97 1 0.9 0.92 0.96 0.98 0.98 1 0.89 0.93 1 0.99 �O
Alkalinity mg/i 65 82 92 92 93 102 104 83 91 93 93 10~ 104

Calcium mg/l 18 30 33 32 32 31 28 30 33 31 33 31 28
Magnesium mg/l 20 25 26 27 25 25 2.3 25 26 26 25 25 23
Sodium rag!! 120 147 158 159 152 153 137 147 158 156 153 153 136

Chloroform ~g/l 140 1,1130 1,600 1,000 1,700 1,600 1,600 1300 730 1300 1,700 1,600 1,400
Bromodichloroform /zg/l 130 390 460 310 500 440 490 380 310 410 500 440 430
Dibromoehloromethane btg/l 130 69 93 100 69 100 95 48 62 97 100 " 100 79
Bromoform ~gtl 39 3 5 7 3 4 ND 3 6 5 3 3 ND
THMFP ttg/l 439 1,562 2,158 1,417 2,272 2,144 20185 1,531 1308 1,612 2,303 2,143 1,909
C-THM ~g/l 36 156 219 141’ 231 217 221 154 109 160 233 217 193
CI-THM /~g/l 203 1,158 1,638 1,040 1,740 1,630 1,651 1,151 794 1,172 1,745 1,630 1,444
Br-THM pgtl 201 247 302 236 301 296 313 226 205 280 325 295 272

Notes:
ND = Not detected.a Some siphoning of Old River water was used to maintain pond depth during the experiment.
a Organic carbon measured in this experiment is assumed to be dissolved; therefore, TOC is equivalent to DOC.



Table C3-4. Evaporation Effects: Water Quality Variables in the
Control Samples for the Vegetation Decay Experiment

Barrel 5 Sample Dates

Variables Units 1/2.3/92 2/27/92 3/10/92 3/10/92 3/31/92 3/31/92 4/14/92 4/14/92 4/29/92 4/29/92

Laboratory AAL MWD AAL MWD AAL MWD AAL MWD

DOC mg/l 8.2 4.74 4.3 4.27 7.2 4.33 5.8 4.85
Color units 30 15 10 10
UVA @ 254nm 1/cm 0.154 0.129 0.129 0.113 0.12 0.112 0.132 0.124
UVA/DOC 0.0200 0.0272 0.0255 0.0157 0.0259 0.0228 0.0255

pH units 7_3 8.5 7.4 7.6
Organic nitrogen mg/l <0.5 2 < 1.6 < 1.7
Ammonia-N mg/l 0.26 <0.03 <0.05 <0.03 <.05 <0.03 <.05 <0.03
Total phosphorus mg/l 0.13 0.03 0.09 0.08
Ortho phosphorus rag/1 0.11 <0.02 <.02 <.02

EC /~S/em 747 668 664 796
TDS rag// 460 420

Chloride mg/l 160 136 130 141 180 144 170     170
Sulfate mg/l 40 33 35 39
Nitrate-N mg/l 0.84 <0.02 0.02 0.03
Bromide mg/l 0.42 0_47 0.41 0_3 0.4 0.5 0.48
Bicarbonate mg/l 76 83
Anions meq/l 5.4 4.4 7.0 7.0

Calcium mg/l 39 17 17 19
Magnesium mg/l 20 16 16 18
Potassium mg/l 6.1 5.3 5.6 5.6
Sodium mg/l 96 85 82 100
Cations meq/l 7.9 6.0 5.9 6.9

Anions/Cations 0.68 0.72 1.20 1.00
Sum of Ions rag/1 367 291 419 442
EC/Sum of Ions 2.0 2.3 1.6 1.8
EC/TDS 1.4 1.9
Bromide/Chloride <0.0031 0.0031 0.0028 0.0029 0.0017 0.0028 0.0029 0.0028

Bromodichloromethane /~g/l 160 153 178 180
Bromoform p,g/l 26 32 37 37
Chloroform p,g/1 160 150 179 180
Dibromoehloromethane /~gi1 138 141 173 165
THMFP /~g/l 484 476 567 562
Chlorine dose mg/l 14.2 12.9 13 15.1
Chlorine residual mg/l 3.75 6.25 4.25 5
pH of THlVlFP test units 8.2 8.3 8.26 8.2
C-THM /~g/1 40 39 46 46
C1-THM /zg/l 9-35 223 265 266
Br-THM /~g/l 209 214 256 250
Br-THM/Br- p~g/mg 0.50 0.52 0.64 0.52
Bromine-Incorporation (n) 0.26 0.28 0.28 0.27
C -THM/DOC /~g/mg 8.4 9.1 10.7 9.5
C-THM/UVA 310 343 412 371
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Table C’3-5. Natural Loading Effects: Water Quality Variables in the
Single-Dose (1X) Samples for the Vegetation Decay Experiment

Barrel 1 Sample Dates

Variables Units 2/27/92 2/27/92 3/10D2 3/10/92 3/31/92 3/31/92 4/14/92 4/14/92 4/29/92 4/29/92

Laboratory AA.L MWD AAL MWD AAL MVCD AAL MWD AAL MWD

DOC mg/l 15 16.94 16 12.44 13 13.59 14 13.23    18 15.4
Color units 60 100 150 100
UVA @ 254nm 1/em 0.362 0.397 0.354 0.373 0.382 0.389 0.388 0.399 0.469 0.456
UVA/DOC 0.0241 0.0234 0.0221 0.0300 0.0294 0.0286 0.0277 0.0302 0.0261 0.0296
pH units 6.7 6.7 6.8 6.6 6.8
Organic nitrogen mg/l 2.6 7.6 18 20
Ammonia-N mg/l < 0.5 0,07 < 0-~ 0.03 < 0.05 0.05 0.05 <.03 <.05 <.03
Total phosphorus mg/l 1.1 1.6 1 1.7 1.9
Ortho phosphorus mg/l 0.74 0.39 0.23 0.07 0.04

EC /~S/era 732 748 773 773 913
TDS mg/l 460 510

Chloride mgtl 180 152 61 152 160 154 190 157 180 188
Sulfate mg/l 44 16 32 38 36
Nitrate-N mgtl <.02 <.02 <0.02 0.05 <.02
Bromide mgtl 0.39 0.49 0.31 0.47 0.4 0.4 0.4 0.46 0.5 0.52
Biearbonate mgtl 120 150
Anions meq/l 6.0 2.1 5.2 8.1 8.3

Calcium mg/l 19 20 23 24 28
Magnesium mg/l 19 18 20 20 24
Potassium mg/l 14 15 15 15 18
Sodium mgfl 79 88 86 90 110
Cations meq/l 6.3 6.7 6.9 7.2 8.6

Anions/Cations 0.95 0.31 0.75 1.13 0.96
Sum of Ions mgtl 361 220 342 506 555
EC/Sum of Ions 2.0 3.4 2.3 1.5 1.6
EC/TDS 1.7 1.8
Bromide/Chloride 0.0022 0.0032 0.0051 0.0031 0.0025 0.0026 0.0021 0.0029 0.0028 0.0028

Bromodichloromethane /~g/1 280 280 280 ~ 317 380
Bromoform p,g/l 1 1.5 1.5 1.6 2
Chloroform /~g/l 1,040 860 840 1,069 1,080
Dibromoehioromethane /~g/l 55 73 71 76 84
THMFP /~g/l 1,376 1,214 1,193 1,463 1,546
Chlorine dose mg/l 51.4 37.5 41 39.7 46.2
Chlorine residual mgfl 6 2.95 4.25 3.4 5.5
pH of THMFP Test units 8.2 /~.23 8.24 8.23 8.16
C-THM /~g/l 140 121 119 148 154
CI-THM /~g/l 1,055 898 880 1,101 1,139
Br-THM /.tg/1 181 195 193 215 253
Br - THM/Br- /zg/mg 0.37 0.41 0.48 0.47 0.49

Bromine- Incorporation (n) 0.064 0.080 0.081 0.073 0.082
C-THM/DOC /~g]mg 8.3 9.8 8.8 11.2 10.0
C-THM/UVA 353 326 306 370 338
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Table C3-5. Continued

Barrel 2 Sample Dates

Variables Units 2/27/92 2/27D2 3/10/92 3/10/92 3/31/92 3/31/92 4/14/92 4/14/92 4/29/92 4/29/92

Laboratory AAL MWD AAL MWD AAL MWD AAL MWD AAL MWD

Dec mg/l 13 13.06 13 12.39 11 12.29 13 11.94 17 13.7
Color units 70 100 100 100 100
UVA @ 254nm 1/em 0.384 0.39 0.337 0.352 0.365 0.373 0.386 0.387 0.458 0.433
UVA/DOC 0.0295 0.0299 0.0259 0.0284 0.0332 0.0303 0.0297 0.0324 0.0269 0.0316
pH units 6.8 8.28 6.7 6.7 6.6 6.8
Organic nitrogen mg/I 3.4 9.4 16 19
Ammonia-N mg/l ND 0.03 <0.03 0.05 0.04 0.05 <.03 <.05 <.03
Total phosphorus mg/l 1.1 1.5 1.2 1.6 1.7
Ortho phosphorus mg/l 0.66 0.48 0.43 0.2 0.22

EC /zS/em 708 723 737 735 859
TDS mg/l 420 470

Chloride mg/l 180 149 110 143 150 144 190 147 190 175
Sulfate mg/l 41 23 32 33 34
Nitrate-N mg/l <.02 <.02 <.02 <.02 0.03
Bromide mg/l 0.34 0.5 0.35 0.45 0.33 0.41 0.3 0.45 0.4 0.49
Bicarbonate mg/1 120 140
Anions meq/l 5.9 3.6 4.9 8.0 8.4

Calcium mg/l 18 20 22 23 25
Magnesium mg/l 18 18 19 19 22
Potassium rag/1 13 15 14 15 17
Sodium mg/l 72 88 82 82 110
Cations meq/l 5.9 6.7 6.6 6.7 8.3

Anions/Cations 1.01 0.53 0.74 1.20 1.01
Sum of Ions mg/l 348 278 324 490 547
EC/Sum of Ions 2.0 2.6 2.3 1.5 1.6
Ec/’rDS 1.8 1.8
Bromide/Chloride 0.0019 0.0034 0.0032 0.0031 0.0022 0.0028 0.0016 0.0031 0.0021 0.0028

Bromodiehloromethane /zg/1 300 280 267 309 372
Bromoform /zg/l 1.1 1.5 1.3 1.5 1.8
Chloroform /zga 1,080 780 796 1,040 1,056
Dibromo~hloromethane /~g/l 55 73 63 71 80
THMFP /zg/l 1,436 1,134 1,127 1,421 1,510
Chlorine dose mg/l 39.4 37.5 37.5 35.8 40.9
Chlorine residual rag/1 1.8 5.7 4.5 3.4 5.3
pH of THMFP Test units 8.3 .8.21 8.24 8.24 8.15
C-THM p.g/l 146 113 113 143 151
CI-THM /zg/] i,100 827 834 1,071 1,113
Br-THM /~g/l 190 195 181 208 246
Br-THM/Br- /zg/mg 0.38 0.43 0.44 0.46 0.50
Bromine-Incorporation (n) 0.065 0.086 0.080 0.072 0.081
C-THM/DOC           /zg/mg 11.2 9.1 9.2 12.0 11.0
C-THM/UVA 375 320 302 371 348

Note:
ND = Not detected.
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Table C3-6. Double Loading Effects: Water Quality Variables in the
Double-Dose (2X) Samples for the Vegetation Decay Experiment

Barrel 3 Sample Dates

Variables Units 2/27i92 2/27192 3/10192 3110192 3/31/92 3/31192 4/14192 4/14D2 4/29/92 4/29192

Laboratory AAL MWD AAL MWD AAL MWD AAL MWD AAL MWD

DOC mg/l 20 39.62 26 36.74 22 34.58 26 29.73 42 34.43
Color units 150 100 150 100 250
UVA @ 254nm l/era 0.595 0.611 0.613 0.645 0.671 0.625 0.636 0,691 0.944 0.883
UV.~2DOC 0.0298 0.0154 0.0236 0.0176 0.0305 0.0181 0.0245 0.0232 0.0225 0.0256
pH units 6.5 6.5 6.8 6.6 6.7

Organic nitrogen mg/1 8.2 14 32 28

Ammonia-N mg/l 0.05 0.21 0.1 0.16 0.06 0.4 0.12 0.45 0.14 0.91
Total phosphorus mg/l 2.2 3 2.1 2.9 3.1
Ortho phosphorus mg/l 1.1 0.51 0.86 0.96 1.14

EC /~S/em 770 834 866 802 939
TDS mg/l 480 580

Chloride mg/l 170 145 110 143 140 146 180 150 180 175
Sulfate mg/l 45 ~23 32 25 28
Nitrate-N rag/1 <.02 <.02 < 0.02 0.1 0.03
Bromide mlgl 0.39 0.43 0.34 0.42 0.37 0.42 0.3 0.43 0.5 0.55
Bicarbonate mg/l 180 210
Anions 5.7 3.6 4.6 8.5 9.1meq/l

Calcium mg/l 22 24 27 28 31
Magnesium rag/1 22 21 22 22 25
Potassium mg/l 23 24 23 23 27
Sodium mg/1 88 93 88 84 100
Cations m. ¢q/l 7.3 7,6 7.6 7.5 8.7

Anions/Cations 0.78 0.47 0.61 1.14 1.05
Sum of Ions mg/l 376 299 337 551 611
EC/Sum of Ions 2.0 2.8 2.6 1.5 1.5
EC/TDS 1.7 1.6
Bromide/Chloride 0.0023 0.0030 0.0031 0.0029 0.0026 0.0029 0.0017 0.0029 0.0028 0.0031

Bromodiehloromethane pg/l 364 350 324 360 364
Bromoform ~g/l 0.55 0.19 0.32 0.33 0.29
Chloroform p,g/l 2,534 2,400 2,228 2,491 2,400
Dibromochloromethane pg/l 33 35 36 42 39
THMFP /~g/1 2,932 2,785 2,588 2,893 2,803
Chlorine dose mg/l 120.7 111 107.3 92.8
Chlorine residual mg/l 21.5 19.8 16.3 4 1.75
pH of THlVlFP Test units 8.3 8.23 8.26 8.25 8.06
C-THM /~g,/l 310 294 273 305 295
CI-THM pgtl 2A17 2,292 2,128 2379 2,299
Br-THM p,g/1 204 199 187 209 209

Br-THM/Br- /~g/mg 0.48 0.47 0.44 0.49 0.38
Bromine-Incorporation (n) 0.033 0.034 0.034 0.034 0.035
C-THM/DOC /Ag/mg 7.8 8.0 7.9 10.3 8.6
C-THM/UVA 507 456 437 442 335
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Table C3-6. Continued

Barrel 4 Sample Dates

Variables Units 2/27/92 2/27/92 3/10/92 3/10/92 3/31/92 3/31/92 4/14/92 4/14/92 4/29/92 4/29/92

Laboratory AAL MWD AAL MWD AAL MWD AAL MWD AAL MWD

DOC mg/l 22 38.2 30 36 23 33.02 27 30.5 34 31.16
Color units 100 150 100 150 200
UVA @ 254nm l/era 0.53 0.544 0.58 0.593 0.54 0.663 0.60 0.66 0.77 0.826
UVA/DOC 0.0242 0.0142 0.01940.0165 0.02.380.0201 0.022.30.0216 0.02290.0265

pH units 6.4 8.25 6.6 6.8 6.6 6.8
Organic nitrogen mg/l 11 7.5 29 2.3
Ammonia-N mgi1 ND 0.07 0.1 0.05 < 0.05 0.2 0.09 0.5 0.09 0.09
Total phosphorus mg/l 2.2 3.7 1.7 2.1 1.8
Ortho phosphorus mg/l 0.9 0.51 0.9 0.54 0.47

EC /~S/em 867 840 866 914 984
TDS mg/I 530 610

Chloride mg/l 200 171 180 140 163 180 160 180 186
Sulfate mg/l 54 37 32 29 33
Nitrate-N mg/l < 0.02 < 0.02 < 0.02 0.47 0.05
Bromide mg/l 0.35 0.49 0.31 0.46 0.46 0.49 0.4 0.46 0.5 0.52
Bicarbonate mg/l 170 200
Anions meq/l 6.8 5.8 4.6 8.5 9.0

Calcium mg/l 2.3 25 27 28 31
Magnesium mg/l 25 24 25 25 27
Potassium rag/1 27 27 26 26 29
Sodium mg/l 91 94 89 88 110
Cations meq/l 7.9 8.0 8.0 8.0 9.3

.Anions/Cations 0.86 0.73 0.58 1.06 0.97
Sum of Ions mg/l 427 393 344 555 620
EC/Sum of Ions 2.0 2.1 2.5 1.6 1.6
EC/TDS 1.7 1.6
Bromide/Chloride 0.0018 0.00290.0017 0.0033 0.00300.0022 0.00290.0028 0.0028

Bromodiehloromethanegg/I 405 380 331 358 384
Bromoform /,g/1 1 0.25 0.41 0.46 0.34
Chloroform /~g/l 2,300 2;200 1,959 2,311 2,280
Dibromoehloromethane/~g/1 45 41 41 42 42
THMFP ~g/1 2,751 2,621 2.331 2,711 2,706
Chlorine dose mg/l 109 100.9 95.7 94.6
Chlorine residual mg/l 20.5 13.8 3.7 2.25
pH of THMFP Test units 8.22 8.25 8.24 8.07
C -THM /~g/l 288 275 244 285 284
C1-THM /xg/l 2,229 2,128 1,893 2,218 2,201
Br-THM ]~g/l 234 218 194 208 221
Br-THM/Br- /~g/mg 0.48 0.47 0.40 0.45 0.42
Bromine-Incorporation (n) 0.041 0.040 0.040 0.036 0.039
C-THM!DOC      /~g/mg 7.5 7.6 7.4 9.4 9.1
C-’IT-IMAJVA 530 464 369 432 344

Note:
ND = Not detected.
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Table C3-7. Comparison of Cherrdcal Composition of Plant Tissu~
and Observed Concentrations in th~ V~gctation Dcoay

Experiment (in Percentages)

Chemical Corn General 2X Barrels
Element Shoots Plants (1,000 g/m2)

K 1.9 0.50-0.60 1.25

Ca 0.4 0.20-3.50 0.70

Mg 0.3 0.10-0.80 0.50

N 2.8 1.00-4.00 1.50

P 0.3 0.10-0.80 0.12

S 0.2 0.05-1.00
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Table C3-8. Holland Tract Demonstration Wetland Soil Sample Results

Site 1 Site 2

Surface Samples Bottom Samples Surface Samples Bottom Samples
2-Hour 7-Day 30-Day 2-Hour 7-Day 30-Day 2-Hour 7-Day 30-Day 2-Hour 7-Day 30-Day

Variables Units Holding Holding Holding Holding Holding Holding Holding Holding Holding Holding Holding Holding
Time Time Time Time Time Time Time Time Time Time Time Time

Initial Weight ~                g 1,200 1,000 1,000 1,000 1,000 755 1,000 1,000 1,000 1,000 1,000 1,000
Solids a % 58 58 59 29 40 29 59 58 58 40 55 48
Percent Volatile ~               % 28 27 29 58 36 58 21 24 24 18 21 21
Initial Water a g 504 420 410 710 600 536 410 420 420 600 450 520
Deionized Water a              ml 500 260 250 100 25 70 250 270 216 10 96 0
Extract Volume ~ ml 465 274 280 420 340 315 255 300 235 134 235 255
Percent Water Extracted a % 46 40 42 52 54 52 39 43 37 22 43 49
Dilution Factor a 3 6 5 4 5 5 6 5 6 8 7 6

Organic Carbon-40% a g 78 63 68 67 58 51 50 56 56 29 46 40
DOC a mg/l 30 43 52 37 40 66 34 40 71 30 31 25
DOC b mg/l 33 46 NA 34 41 NA NA 38 NA 24 37 NA I~.

Color a units 120 90 150 160 120 180 180 180 210 220 100 90
UVA @254 nm a 1/cm 1.19 1.16 1.58 1.49 1.21 1.58 1.48 1.25 1.90 0.84 0.75 0.91
UVA @254 nm b 1/em 1.08 1.27 1.25 1.28 1.26 1.32 1.15 1.2.3 1.5 0.7 0.74 0.62
UVA/DOC ~ 0.0397 0.0269 0.0304 0.0403 0.0301 0.0Z39 0.0436 0.0313 0.0268 0.0281 0.0242 0.0364
UVA/DOC b 0.0327 0.0276 0.0376 0.0307 0.0324 0.0292 0.0200
DOC/Soil Organic Carbon ~ mg/g 0.39 0.47 0.50 0.45 0.43 0.79 0.45 0.50 0.81 0.64 0.37 ’ 0.32
pH a units 5 5.4 5.6 4.5 4.7 4.6 5.3 5.3 5.6 4.8 5 5.1
Organic nitrogen ~ mg/l 2.5 3.5 6.5 3.8 < 0.25 <2.5 4.6 < 0.25 <3.2 4.6 4.4 <5.6
Ammonia-N ~ rag/1 0.17 <0.3 0.43 0.83 0.28 0.99 0.35 1.6 0.36 0.69 < 0.39 0.44
Total phosphorus ~ mg/l <.09 0.12 <.1 <.08 <0.10 <.1 <.12 < 0.10 <.12 <.16 < 0.14 <.12

EC a /~S/em 1,056 1,990 1,770 1,604 1,790 1,550 612 795 990 1,520 1,460 1,510
TDS a mg/l 600 1,100 1,100 840 1,00O 880 370 495 580 820 770 750

Chloride a mg/l 80 300 180 210 310 220 25 42 80 160 420 200
Sulfate a mg/l 220 450 400 210 420 210 140 370 340 140 250 210
Nitrate-N ~ mg/l 16 21 0.85 4.1 11 <.1 11 3 1.8 4.4 6.6 0.8
Bromide~ mg/l <1.8 < 12 <.15 <1.2 4 <.15 <3 <.6 <1.6 < 1.4 <.18
Bicarbonate ~ mg/l <7 22 <12 <10 <12 <12 <15 18 <15 24 < 17 <15
Anions ~ meq/1 7.09 18.53 13.42 10.36 17.71 10.57 3.80 9.23 9.37 7.89 17.15 10.02

¯ ¯



Table C3-8. Continued

Site 1 Site 2

Surface Samples Bottom Samples Surface Samples Bottom Samples
2-Hour 7-Day 30-Day 2-Hour 7-Day 30-Day- 2-Hour 7-Day 30-Day 2-Hour 7-Day 30-Day

Variables Units Holding Holding Holding Holding Holding Holding Holding Holding Holding Holding Holding Holding
Time Time Time Time Time Time Time Time Time .Time Time Time

Calcium a mg/l 54 120 130 96 110 80 19 34 52 56 55 72
Magnesium a mg/l 23 41 46 34 36 30 11 16 22 26 24 31
Potassium a mg/l 8.4 9 8.5 10 6.5 6 14 10 6 4 3.8 4.8
Sodium" mg/l 100 130 150 160 130 120 55 80 120 100 120 160
Cations a meq/l 9.18 15.30 17.07 14.85 14.32 1i.87 4.62 6.77 9.80 9.42 10.06 13.26

Anions/Cations a 0.77 1.21 0.79 0.70 1.24 0.89 0.82 1.36 0.96 0.84 1.70 0.76
Sum of Ions ~ mg/l 501 1,060 915 724 1,028 666 275 546 622 478 879 679
Sum Ions/TDS a 0.84 0.96 0.83 0.86 1.03 0.76 0.74 1.10 1.07 0.58 1.14 0.90
EC/TDS a 1.8 1.8 1.6 1.9 1.8 1.8 1.7 1.6 1.7 1.9 1.9 2.0

Bromodiehloromethane b /~g/l 62 72 122 86 40 90 110 63
Bromoformb ~g/l <1.2 <2.4 <2.0 NA NA NA NA
Chloroform b /zgtl 2,400 2,688 2,140 2,640 2,090 4,950 1,280 1,449
Dibromoehloromethane b /zg/l 4 6 5 4 NA NA 10 NA
TI’HMFP ~ /xg/l 2,472 2,760 2,260 2,720 2,130 5,040 1,400 1,512
Chlorine dose b mg/l 99 139 102 122 96 282 73 110
Chlorine residual b mg/l 47 84 33 80 26 81 25 52
pH of THMFP test ~ units 8.2 8 8.3 8.1 8.3 8.3 8.3 8.3
C-THM b ~gh 269 302 245 298 233 552 150 164
C-THM/DOCb ~g/mg 8 7 7 7 6 6 4
C-THM/UVA b 249 238 192 236 190 368 215 222

Notes:
All soil samples were collected on 2/27/92. Surface samples were collected by scraping the ground surface with a small trowel; bottom

samples were collected from a 2-foot-deep hole.
NA = Not analyzed (some samples were not analyzed by MWD because of insufficient extracted soil water).
a Analyzed by AAL
b Analyzed by MWD.



Table C3-9. Agricultural Soil Sample Results

Site 1 Site 2

Surface Samples Bottom Samples Surface Samples Bottom Samples
2-Hour 7-Day 30-Day 2-Hour 7-Day 30-Day 2-Hour 7-Day 30-Day 2-Hour 7-Day 30-Day

Variables Units Holding Holding Holding Holding Holding Holding Holding Holding Holding Holding Holding Holding
Time Time Time Time Time Time Time Time Time Time Time Time

Initial Weight a                 g 1,000 1,000 1,000 1,090 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000
Solids a % 46 45 45 38 34 29 57 55 55 54 58 55
Percent Volatile ~               % 49 49 46 46 42 40 35 34 36 30 32 34
Initial Water a g 540 550 550 620 660 710 430 450 450 460 420 450
Deionized Water a               ml 235 202 160 154 30 26 280 284 274 230 250 210
Extract Volume a ml 300 335 345 315 305 350 295 305 335 280 245 260
Percent Water Extracted a % 39 45 49 41 44 48 42 42 46 41 37 39
Dilution Factor ~ 5 5 4 5 5 4 5 5 5 5 6 6

Organic Carbon-40% a g 90 88 83 70 57 46 80 75 79 65 74 75
DOC ~ mg/l 190 130 120 60 44 41 130 110 240 65 85 56
DOC b mg/l 178 148 NA 58 43 NA 131 113 NA 82 92 NA
Color ~ units 2,000 750 600 220 150 180 350 500 2,000 180 210 240
UVA @254 nm a l/era 11.10 6.05 5.05 2.11 1.36 1.69 4.04 4.54 12.40 2.22 2.38 1.97
UVA @254 nm b 1/em 10.7 5.98 4.48 1.86 1.36 1.44 4.06 4.56 NA 2.05 2.38 NA
UVA/DOC a 0.0584 0.0465 0.0421 0.0351 0.0308 0.0412 0.0310 0.0413 0.0517 0.0342 0.0280 0.0352
UVA!DOC b 0.0601 0.0404 0.0321 0.0316 0.0310 0.0404 0.0250 0.0259
DOC/Soll Organic Carbon a mg/g 1.63 1.11 1.03 0.66 0.53 0.65 1.16 1.08 2.19 0.69 0.77 " 0.49
pH a units 5.8 6 6.2 5.8 6.4 6.3 5.7 6.1 6.6 5.6 5.7 6.2
Organic nitrogen a mg/l 12 6.8 5.7 5.9 3 <2.2 11 6.2 10 6.2 5.5 3
Ammonia-N a mg/l 0.32 < 0.30 0.67 0.46 < 0.28 0.56 1.6 < 0.33 0.76 0.58 < 0.30 <.3
Total phosphorus a mg/1 0.2 < 0.10 0.12 <.1 <0.10 <.08 0.2 <0.10 0.39 <.1 < 0.12 <.12

EC a ~S/em 455 1,440 2,610 3,225 2,700 1,800 9,000 2,710 525 7,200 11,500 4,300
TDS a mg/l 640 1,000 1,900 1,900 1,400 1,100 6,000 1,800 740 6,500 6,600 2,600

Chloride a mg/l 9 52 180 390 290 230 1,100 64 16 870 1,800 570
Sulfate a mg/l 80 380 830 630 890 320 1,900 1,200 75 1,500 3,000 940.
Nitrate-N ~ mg/l 3.1 1.6 <.08 43 32 1.7 100 1.2 0.57 73 120 57
Bromidea mg/l <1 < 0.15 0.16 <10 < 4.0 0.32 <20 < 1.0 0.28 <20 < 1.0 <3.6
Bicarbonate a mg/l 10 24 49 12 18 29 18 24 130 12 24 44
Anions a meq/l 2.14 9.80 23.17 25.00 27.52 13.65 72.48 27.22 4.16 57.13 115.53 37.28

¯ ¯



Table C3-9. Continued

Site .1 Site 2
Surface Samples Bottom Samples Surface Samples Bottom Samples

2-Hour 7-Day 30-Day 2-Hour 7-Day 30-Day 2-Hour 7-Day 30-Day 2-Hour 7-Day 30-Day
Variables Units Holding Holding Holding Holding Holding Holding Holding Holding Holding Holding Holding Holding

Time Time Time Time Time Time Time Time Time Time Time Time

Calcium a mg/l 26 90 210 220 160 120 850 160 42 650 840 280
Magnesium a mg/l 9.5 38 92 100 80 60 410 75 16 310 450 160
Potassium a mg/l 1.2 7 12 4.8 1.4 1.2 60 27 10 12 24 40
Sodium a mg/l 48 180 230 190 170 170 650 230 80 650 480 400
Cations ~ meq/l 4.21 15.67 28.47 27.72 22.09 18.42 106.47 24.94 7.17 86.90 100.98 45.75 I~.

Anions/Cations a 0.51 0.63 0.81 0.90 1.25 0.74 0.68 1.09 0.58 0.66 1.14 0.81
Sum of Ions" mg/l 172 737 1,530 1,572 1,614 889 5,061 1,745 175 4,059 6,702 2,425 I~.

Sum IonsfFDS a 0.27 0.74 0.81 0.83 1.15 0.81 0.84 0.97 0.24 0.62 1.02 0.93 ~-
ECfFDS ~ 0.7 1.4 1.4 1.7 1.9 1.6 1.5 1.5 0.7 1.1 1.7 1.7 �,D

Bromodiehloromethane b ~ug/l 210 190 240 180 140. 192 660 174 178 302 120 ~
Bromoformt’ /~g/l 1 <2.0 <2.0 I
Chloroform b /tg/l 14,260 9,820 8,440 3,180 2,600 4,768 7,680 7,980 3,475 4,320 4,440 �O
Dibromoehloromethane b /~g/l 4 1 12 12 .10 46 11 10 26 ND
"I’THMFP b /~gtl 14,470 10,010 8,680 3,375 2,750 4,960 8,400 8,160 3,650 4,680 4,560
Chlorine dose b mgh 537 452 580 172 130 257 400 344 245 279 697
Chlorine residual b mg/l 66 132 236 56 46 31 276 100 98 223 408
pH of THMFP test b units 8.2 8 8.2 8.2 8.2 8.3 8.2 8.2 8.3 8.3 8.3
C-THM b /tg/l 1,586 1,095 948 365 298 540 900 892 397 501 498
C-THM/DOC b /~g/mg 9 7 6 7 7 8 5 5
C-THM/UVA b 148 183 212 196 219 375 222 196 194 210

Notes:
All soil samples were collected on 2/27/92. Surface samples were collected by scraping [he ground surface with a small trowel; bottom
samples were collected from a 2- foot-deep hole.

NA = Not analyzed (some samples were not analyzed by MWD because of insufficient extracted soil water).
ND = Not detected.
a Analyzed by AAL
I, Analyzed by MWD.
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Figure C3-3.
Concentration of Minerals during the
1989-1990 Flooded Wetland Period
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1989-1990 Flooded Wetland Period

120
110 ---~ .... ~ .... -~ .... + .... *- .... ~- .... I ..... ~ .... ~ .... -~ .... + .... +----

100 ~ 1 ~ J ~ __.,z’e,~ .... , ___,,k____I ....~ _~ ~
I I I I I /I ~ I ~ I l l

90 1 i T T .... I--~-- r----~T~=---I .... -~ .... =[--~-- ~-----
80 ----~ .... -~ .... -~---~ .... ~-----~ .....~ .... -~ .... -~ .... + .... "~---

I I I    /I v I I I I I I 1
70 ----~ .... -~ .... !_,~__±____! ....u .... ~ ..... ~ .... _~____! ....L .... L--_

’, ,’ ....7
60 ----~------~T .... ~- ....r- .... I ..... I .... ~ .... "r .... "r .... r---I
50 ---~--~t-~----~ .... ÷ .... + .... ~---

I    /    I I I I I I I I I I         I
~ ~__L____L .... I ..... I .... ,J. ..~ .a- .__1_40 ---n-/----~~ -----.- .... ’ .... ¯ ~ "r ~-~i---

30 ---,~-~F----,~ ..... l---~-q .... ~, .... Y-’;---
20 ___~~-_L .... ~___~ ..... I .... ~ .... 4 .... ÷ .... ~---

,=~ I I I I I I I I I I I

I I I ’~ .... 1 i’" I I’ I ] I I

0
I I I I I I I I 1 I I I

oc~. I Not,~O I No?~7* I O~c~ I ~e~22 I J,,kS I
Nov 3 Nov t7" Nov 30 Dec 15 Dec 29 Jan 15

Sampling Date

I Caa+ + Mga+ O SO~~-

¯ Composite inflow    * Replicate samples

DELTA WETLANDS
PROJECT EIR/EIS

Prepared by: Jones & Stokes Associates

C--061 790
C-061790



Figure C3-5
Concentration of TOC during the
1989-1990 Flooded Wetland Period O
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Figure C3-6.
Concentration of THMFP Components during the
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Figure C3-7.
Concentration of Minerals during
the 1990 Seasonal Storage Period
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Figure C3-8.
Concentration of Plant Nutrients during
the 1990 Seasonal Storage Period
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Figure C3-9.
Concentration of TOC during the
1990 Seasonal Storage Period
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Concentration of THMFP Components during                                        O
the 1990 Seasonal Storage Period
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Load (g/m2) = Concentration (mg/I) x Mean Depth (m)

Vegetation Decay Barrels Demonstration Wetland
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0.6-m Depth
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Figure C3-11.
DELTA WETLANDSRelationship between Load, Depth, and Concentration
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Figure C3-12.
Concentration of Chloride during the 1992

Vegetation Decay ExperimentWetland
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Figure C3-13.
Concentration of Bromide during the 1992
Wetland Vegetation Decay Experiment
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Figure C3-14.
EC during the 1992
Wetland Vegetation Decay Experiment
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Figure Ca-~ ~.
Concentration of Potassium during the 1992
Wetland Vegetation Decay Experiment
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Figure C3-16.
Concentration of DOC during the 1992
Wetland Vegetation Decay Experiment
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Figure C3-17.
UVA during the 1992
WetlandVegetation Decay Experiment
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Figure C3-18.
UVA/DOC Ratio during the 1992 Wetland
Vegetation Decay Experiment
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Figure C3-19.
Concentration of C-THM during the 1992
Wetland Vegetation Decay Experiment
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Figure C3-20.
C-THM/DOC Ratio during the 1992
WetlandVegetation Decay Experiment
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Figure C3-21.
Br-THM/Bromide Ratio during the 1992
Wetland Vegetation Decay Experiment
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Figure C3-22.
Organic Content of Soil Samples from Holland Tract
during the 1992 Soil Water Extraction Experiment
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Figure C3-23..
Concentration of DOC the 1992during
Soil Water Extraction Experiment
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Figure C3-24.
UVA during the 1992 Soil
Water Extraction Experiment
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Figure C3-25.
UVA/DOC Ratio during the 1992
Soil Water Extraction Experiment
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Figure C3-26.
DOC/Soil Organic Carbon Index of Soil Samples from Holland
Tract during the 1992 Soil Water Extraction Experiment
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Figure C3-27.
C-THM Concentration during the 1992
Soil Water Extraction Experiment

2.0

1.8

~’ 1.4 ....

= 1.2 ..........

~ 1.0

u 0.8 .........

r~ 0.6

0.4 ~ i ..I- --i ,, ................

Wetland 1 Wetland 2 Agriculture 1 Agriculture 2
Soil Sampling Location

+ MWD

DELTA WETLANDS
PROJECT EIR/EIS
Prepared by: Jones & Stokes Associates

C--061 802
C-061802



Figure C3-28.
C-THM/DOC Ratio of Soil Samples from Holland Tract
during the 1992 Soil Water Extraction Experiment    .
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Figure C3-29.
TDS Concentration and EC during the 1992
Soil Water Extraction Experiment
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Step 1:    From measured DOC and chlorine dose, estimate the THM yield
(the fraction of DOC that will become C-THM):

2 * CI2/DOC
2.5 -- Estimated C-THM/DOC (%) =                      -.

5 + CI2/DOC

i ’ ’
2.0 I I I I I I l I

I l I I I
I

- I I l I I I I I1.5 ...."~ ....r n r .... ~- ....r r ~rl
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1.0 J - I-I~- -- --~i~ .... -I--- ~i~~l’~’’~’-- - ~ .... I .... q- .... I .....

I ~.~

0.5 ----’~a~tl~- ~ ....r ........ ~- ........T .........

0.0
0    1    2    3    4    5    6    7    8 9 10

Chlorine Saturation (CI+/DOC)

Step 2:    From calculated bromide (chloride * 0.0035) and estimated C-THM,
estimate bromine saturation and bromine incorporation (n):
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Bromine Saturation (Br’/C-TBM * 20)

Step 3: Estimate the THM molar weight and the distribution of TI-IM species
as a function of "n":

THM (Molar Weight) = 119 + 44.5 * n

CHC13     = ( 1      n)3                 = 1    n +     n2 2-’~n
2 2 @ 3CHC12Br = 3 *( 1- ~-n)2 * -~-n = n ~n +~n

~ _~_
1 2 13CHC1Br2 = 3 *( 1 - n)* ( n)2 = -~-n ~-n

CHBr3 = (..~--n)3 - ~7n3

Figure C3-30. DELTA WETLANDS
General THM Prediction Model P R O J E C T E I R / E I S
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Figure C3-31.
C-THM Yield from DOC in DWR MWQI Delta
Channel Measurements for 1982-1991
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Figure C3-32.
Bromine Saturation of THM in DWR MWQI
Delta Channel Measurements for 1982-1991
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Figure C3-36.
Bromine Saturation of THM in MWD
SDS Assays of THM for 1991-1993
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